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#«SJ&SUfcft£ffl7Jf*#7r-f at*^t, twE^na 

% Z. t £#S8 tf £tt 7 r -r A. 
[fit#JS2] iitE#lft*g92*%tt. x-n-n>T^ 
^7A7tT*S C £ ftWK£T*»#H 1 tcE«©7t7 

r-f a. 

AT'ifc-sT, ff^&g#T#«Xn-7©*fctf<i*i 
0. 0 4 (ps/nmVkm) KTT$0« 3t7r-f 
A©*^;£[h] 5 nmfiUiitilOXttftM^ 

©JtfTfc#oT*ft*Hfo&«. IE©tta>e,A©ffi£T«4> 
■*-*c:£*:tt*iT*lll*ii 1 Xtt 3 fcE«©3t 7 r-f 
A. 

[»*3S5] jNE4HftM4>1IH*i2. fjgttl-pi. 5 
u m#0*»«t«fi«r*r * d £ £4*® £T5 Mf JfcS 1 
Xtt3KE*©#7:r-f A. 

[»*gs6] m&ftWti/k'pmmt, mwi%nyr^n 
-f a. 

**. &ttmz 2 #m&±ii;!lDXte^LTV>3SB#£ 

8©Jt*«ft*3Sr|S]fcO. 0 0 5K±JM*lXt2tt*l>bTV> 
-f A*. 

[»*«9] ttE*MR«<JMfi*tt, 3 7Rtf«E3 7 
£ffltf:7 7';/ h*£*U WEn7©i£SS.^lrE^7!y 

A*. 

C«*«10] WE37©E3?K»r*JtJffl»r*aEtt 
+ 1. 2X«±TT*D. ME*5v K©lWB37Jfi»«!> 
5£tc*t-r5iiJatfr*Mte-0. 6 %£TFT& £ 
6. 7Xtt8lcE«©«7y-f A. 
1 1 J ffiE#tt«^**©1WEBf 
l*©$Hftxn-7*tt. -0. 1 (ps/nirVkm) 
£Lt, 0. 1 (ps/nmVkm) KTTab-Sut* 
W*£-r5lil** 1 Xtt3 KE«©tt7r-f A. 

[ft** 1 2 ] ffiE#ttM^ffitt©fflE/?r£i&£fftt 
rtffl»SXD-7"fflffiMlll 0. 0 4 (ps/nn? 
/km) «TT£3d££4#®<h-r3fjt#Jiil (rta«© 
3t7 7"f A. 

I»#J*13) IWEA**3t©lf-d'A7-Fpeak. 



(2) #M¥lO-090737 

ttE£-ttM4><fitt©#tt}ftB8r*n2, RtfSH#)rJ7iSr 
ffi«A e fftt, (n 2 /A e f f ) -Ppeak>4. 5X10 
-I0©K«*Sifc-rc:£Sr^«£r-5iS*«lXtt3{C 
E*©*7 7-f A. 

[ffi#m 1 4 ] flfiE AJkXft© e— 7 A "7 - F P eak« 
ttE#*«^**©#*»H8r*n2, R0f*J»3 7Wf 
SSaA e fftt, (n2/A e ff) -Pp e ak>6. 4X10 
- l2 ©H«S«&rct*1*«i:-r*lll**lE«©3t 
7 7-f A. 

1 5] fMB#*J*fl*r*n2ft(, 4 x i 0-20 
(m2/W) 6t±T**Ci€r««£T*lll**lXtt 

3 »c E«©ft 7 r-f A. 

[»*916] .B*WlKE«©1»E3t7y-rAt. 
ttB3K7r-f A*©-«tc^W^i^-&LMEA;UX^$r 

[ffltJjtiS 1 7 ] f»*^ l tcfB«©ME?t7 r-f A<h» 
»E3tt7 r-f A©-«HKtt9fcWKIS# L«frEA;PX3t* 

[S*)118] tragi lcE«©«JE3t 7 y-f A* 
WE3t7 r-f A©-SBlc3t*«»rie^-LiWEA;i/X5t* 
m«-r-5^JKi:, ii(JEA;l'Xft<h£t>fc*g®:©{§^7 l ££: 
WE7r-fA©ME— aSJc^^-ttS^&iit. £{1 

RtfflM^t#A*Sn, #«»31*3t*a»-r*3tt7r 
-f A£t«*fc>taR*«lc4jn-c, mE«*3t©«[*# 
fc*»7*ME3t7 r-f A©#«x n— 7*©*6*Hitt o . 
0 4 (ps/nmVkm) EITT^D, sdE^r-f 
A©»#tt»ftttj|flESiB>e©»*£'£tTflff«©«fiie 
HrtT«(E3tt 7 r-f A©.*^fiiR:»o TSEfl: ut 
d £ £ £ T * ftsi&s. 

[W*12 0] l»E#«»5l*3tttt. 7-f K73ftr* 

2 1 ] ffiEBiB>fc©«*ttiiJ«iijaBT* * C 
t*»«tr*»*5il 9 ££«©%*£■. 

[5Bfi©fBmfcBigi] 

[0 0 0 1] 

[«9§©«*-*ft«#iH *«b^«, *tr-^A«7-© 

7tA;kX©AWt'«t-5>^^7t^micS^T^4f * 
7.-A— 3>5 L -rr:<7A3tXtt7-f K53t<Sf©#«»S 

jwtstbirr ^7t7 r-f nrs *>©t 

[0 0 0 2] 

[ft#©&flS] 3tia«a«©56JR»c^«r». i/WXJtt 

a^, «««©jK^3t«*»«»snTv»*. cp 

bfc3tjRKlMT-&a[«fcUT. St!— 7A>7— «^A;i/ 
X^^^S^JcAlt^-ttyci:^©. &fiH©j£^ 
A;i^X7tT*^7-A-D>x-Cn7A (SO ft©fg 



[o o o 33 i£fp. $mmwimtLTft7 r-f (a 
'&> sc7yf Attn?*) zmmttz. scyt<o±f&. 

©H®W&$n. Jgg^ntl/^ ( r& i; 1992 
S^FIflffljUS^*^^ C-255. pp4-2 
7 7 ftjfefll 1 iOf .50 J . r§ ffl: 1993 

^«Ttf^a«##^^# B- 9 2 0, pp4-l 
6 1 «E*0!I2 tip*) j , TT. Morioka et a 

1. : ELECTRONICS LETTERS, 7th July 1994, Vol.30, N 
0.14, ppll66-l 168 '<£&M3tW&) j . 17. 

Morioka et al. : OFC 96, PD21, 1996 (JJtf£, fi£K5^J4 
J . TT.Morioka et al. : ELECTRONICS LETTER 
S, 22nd June 1995, Vol.31, No. 13 (JWSL 5 £ 

[0004] i a. GE#8-**&ttji 
'tsftettst;- znv— ow©tfn©>A;i/7. 

[0 0 0 5] «6*«2tt» &S#ffc (M777hSt 

-If (LD) *>£©A;UA;ft£A$tL;t»'&©SC;ft© 
§S£©5Sf*i!SS£BB?KLTtr>£>. -f-Lt, Jfc7 r-f Adt 

[0 0 0 6] S£*«3tt, SOEffl03tt7r-f/Xit 
T, g£#<3 [km] , Sfi«U 5 4 1 nmCiSHT^ 
fHfid*0. 1 [ps/nm/km] OMx7F77-f 

[0 0 0 7] fle*«4*JJ:t«J£3|5«5tt, S Cftmoft 

5. 

[0 0 0 8] 

UJ: 5 tr*»H] fi£*m~5Ttt, S 

<. ttftW-r0¥Stttf*i*^SC3fr*»7-f f**7*fc«S5©# 
*»i!*3t*aft*W IC^fiSf 5 © (CffiS&Tfc 7 r -f A£. 

[0 0 0 9] 

fi. A#$tt5/ft£»fi©A;|/A7t«CJ£L:T#l8J&9lJfc 
#«U£SE»ftfi, X-A-a>x-c ^7A7tX«7< h* 



(3) If BWl 0-090737 

[0 0 10] »m*&9M?Hztsi,*T* /VlsXft 

jilt. m&(Di8i&mm-c#&i&m&yt%:£.i8.?2>)>t7 

7<AT&oT. {f^7t^fi«T'^ffifAD-7 p ©lfe^ffi 
#0. 0 4 (p s/nmVkm) £TFT*9. >t7 7 

[0 0 11] C©^«^ii>M««. BfJtttBTl. 5m 
mfO^MISttSuiAWiL-^. £©*§•&. 

j£§t & yt % m £ s -a- & d <t a* -e #r & . 

[0 0 12] <gfe«J#7 7t'A£^tr 

[0 0 13] 3t77^ Alm&jfcr)©^*!-^** 

5t7r-f Aonttfc»T*3 7'Ollft©Jt*«fi 

tsm&zi*. &)m$}\z4mMm&yt&m!k2i±z>z.htf 

[0 0 14] #*#iR*3te©$B£fl!>;fc:Afc:tt. 
□ 7©I1S^7 7 K©iSStt*JcS#73[6]t3»oT 
SSfTSitJSST^M«+ 1 . 2%K±TSD, ?7'yh*<5 

^Tfc&<D&mzttT2>itmmmmz-o. 6%ktt 

[0 0 15] #*»3gJWfcfc»££ 

-0. 1 (ps/nmVkm) HI. 0. 1 (ps/ 
nmVkm) C L^,, 

[0 0 16] £®#ttttt^«ttaffi£ft£**no#fS: 

7D-7°©*e*fM*^ 0. 0 4 (ps/nirVkm) 

* W fc fg £ £ « 3 C £l ifi T € -5 . 
[0 0 17] #«»««3t«rSS***«fc»»Ctt. file 

A;i,A7t<De-7A>7-Pp eak> &mwL'j>m&<D#mB 

Aeff) • Ppeak>4. 5 x l O-10c9H«^#|^r d <h 
[0 0 18] £7c, A^A7t©tr-7A7-P P eak> ^> 



(4) 

efftt, (n2/A e ff) -P P eak>6. 4X10-12©H 

[0 0 19] £©»£•, ttlCJMMnHtfttytf. 4x 
10-20 ( m 2/W) et±r»*itijeK»M»=#l»»IB* 

[0 0 2 0] #$69§©*fc«£«tt, MBBfc7 7-f 

At. Jfc7 r^/t©-*fc3fcWfcltaUW*Jfc*ttl 

[0 0 2 1] ilfc, *^BJ(D7tai->7 > T-A«. »EJt7 

fcjt»tt»**^fc^t*»«tr*. suits 

[0 0 2 2] ^fgHJCDftiEvX^Att, JWEJt7 

r-f At, #7r</t©-JIIK:ft*»fcliteL/W*» 

€tbitr*3e«t. Aw^fttifctttftofflMMe^ 
[0023] aie3t*«±-r*jt*i, ®&kr 

*3fc7r-f/t©#**D-7*0ffi#«ttO. 0 4 (ps 
/nmVkm) D . ft7r-f A©*#tt«fi 

©#*»£*3fc<D$8£*fr3Ct#-e**. *^bjt 
tt. »fi3fc©»*©aKflilS"**. 3tt7r-f/XO«f»Tn*> 
0flfe^tC*3^T*^»iSSt Jin*— i6:3ii--5 £ <h75*T 

©***#•*■*&*, Jibig*fc©tt*«:«*.*;itl;:J:-3 
T, {f^7 l 6®&*^^A-5C:t^<T'r K7^0iSS 
£*.5£t#T?**. 

[0024] fc*5, ±a0S*5B^0#*6n*«a« 

§Effi««n*««4r*. ::©&*. 3t7 7-f/xrtT© 
7t0iS^»*ir, A;ux3fc©3fc"&±a*?)TJft*j&«*<. 
A;Pxtt©5fc5T#0T«*#£ir>A©^r-7' , !i«f6£ 

EBBttfHPSfcitfT-r*. 



<t#M¥lO-090737 

[0 0 2 5] *MR**fi#:&6llC«4>L-0>St. E«f«t 
3E»Cja*tt ICff bftT/WX tf- 7 A -7 g < ^ 3 

h;u©jEa*oa<3g£T3. 

[0 0 2 6] jt*-3a*©asffi**pi, BS3tR«-&<8f 

KJ:oT. n©J: 5 fc/£v»ifcM6H©»*©3te 

Bajeaa^siEjirsfcfticji, &fc-5&fi©7t;mi^ 

[0 0 2 7] ftjWtfrTS^S^GHcisHT, St^t 

[0 0 2 8] ^IT, *ft«-**J3eoJtff*SlTSEftr 
#«&*©-«©£3^fT:bn&£t»c&5©T, 

[0 0 2 9] 7^*3, #«^'>ffi^£Afl.©gB#te. 7-A 
-3 >f-f = £ Attfc£**'l**«S©3fc©te5fM!S 

a»* a* 

[0 0 3 0] #«»'>a*tt«*#tt*»»fc.&*fc©3t 

cne.©«&©7t7T'r/wfi¥77(ni 

[0 0 3 1] iftft«-**«fttt-6«*03t7 7"f/ , «*** 
#flJfc««»«UT. 7t75"f A*£*l5E-r-5©-TN £© 

[0 0 3 2] Jfrfe. ±E0fc7:r-r/tlC43lr»T, (i) IE 
©fiTCfc *SBl©spi^«fi»*«**-r*SBlOit7 
yfA't. (ii) Jgl©¥J^»*»»«[J:0t>/jNS«ctlS 

2 ©¥!%&*#««£: ^tr^ttfe!::, ^l©7t7T-r 

/t©3ttmi#r'<#sBffifc3ttA»r'<*j8ffi*«tt«e* 

nfc«20)t77'fAtSfllA*^tS1*tiLTt>J: 

«©«^*Efl;aU*tt«tfcStf«. eSteffl^H^ESTfrfc 
jB^«5©3E*lC^>lr»T±Btm*Kf^ffl-rs. a*. - 

■T^Ttx 7 -f At » 2 ©3t 7 r-T A©T*«»c«f««tt 

[0 0 3 3] »««^*«©«-ttllK*5»t*, 

3 n^7A3t©*J««g«T©teftfcl3T-5^»7. 
a— 775*. -0. 1 [ps/nirVkm] ~0. 1 



(5) 



10-090737 



[ps/nmVkm] #»fll&'>Si«©& 

L. Jk^&ft&ffl©7-/1-3>x^3>7A;ft££5!cT 

[0 0 3 4] j£^j£ft3gB©7-/1-3>7V3 
£Z»3tt©£j*0Rjft>&»Stt. #&7n-7°©*6*Hitte:/h 
St>8ffSHr>. »«xd— -0. 0 

4 [ps/n m 2 / km]~0. 04 [ps/n ir 2 / k 

[0 0 3 5] fc:fc, #ttxn— :/fcHLTtt*6***a*H 

v>Tfc. 7-/1-3 >'rw-CA>toiSES*i'vO^F#tt 

[0 0 3 6] $HR«<MK*fc:*V>T, 3tt**aifTT^S# 
(fij-C, #1R7 0 — 77>i, IE©ffiri>e>ft©ffi£ 

[0037] #wiwj>mm< 1. sh m*tc*«-*js* 

7X*±«fr*3t7r-fA©«ffl»c*fc- 3 T, f7r 

«fc*&fl2©S©8&ji:©«j&a>E>, 5fc7 7-r/\*<hl.T, 
1. 5 tfm#fc*#«raft**T*ft7r^A#tt)l§S 
n<5. ;!©«£, 1. 5 Mm^[C^^jSS^#T-5© 
T. 1. 5 wm^WiSSSrW-r -57-/1-3 >5^3,£ 

S&7-/1-3 >x-f -7 Aft©tbafc»* £ 

5. ft*3, 1. 3 /imffTOS C3fc©fg££fT5«-&l;: 

[0 0 3 8] MIC. 1 . 3Aim^*7ttt 

1. 5 Atm^WiSStLT. 1. 3(im^J;[/l. 5 
M m^W S C3t d £ fcoj #gT& -5. 

[0 0 3 9] ±E»««'>««*»«««»#ttt*r* 

£^tt, «M*:*KOifij«teiR3t©ai*iiio^l^iK« 

##tt£*-f£«£, Ir!-©3:#T, iSIMH&IRTTft/t 

S£ ufc 7-/1-3 >T--f =r> Aft©fg£7&*fT&fc>n 



g£*<5g£-r*>. Lfc^oT, dW^r-f/ITte, 7 
— /I— 3 37Aft©fg£©®ST«i&®7!>*«8F£ 

&&&<DMmm<Dm&MJ5fa : $:mis. #l*&<7-/1 

[0040] »*«iiMji«K*^T» tmmmffimm 

^-Ppeakt^^lC. (n 2 /A e ff) -Pp ea k>0. 0 
3X10-8 [1 /W] XI. 5 [W] =0. 045X1 

Sf^ntt, A^Tfc©/^ — l"^/l/P©M&T&?K n 
(P) =n 0 + (n 2 /A e ff) • P - (2) . ZZT\ 
n 0 : 0#B#t*, t^tCt^^. ^LT. (n 2 

/A eff ) • p*t**ng. ttmmyt¥$h&o>ftmt>*m 

#)*&< 7-/1-3 >5r-f 3. >7 Aft 

n*. a^o/i^-i^/up^— T&ntf. 

(n 2 /A e ff) *»**^8» #«»3t#J»*©5ES*«« 
*£&«5. ^*&< 7-/1-3 >5V 3 >7Aft#£/&£ 

[0 0 4 1] C©3tt77-f ATtt, (n 2 /A eff ) -P 
peak>0. 0 4 5X 1 O-StLfcfflT, 3**6*1 1» 10 
nmJJLtW&giliTS Cft75l£fi££*l£. &*5. IS« 

[Ctf ^n-Stf-^/l^-b-^UPpeak^l • 5 [W] 8 
(n 2 /A e ff) >0. 0 3 [ 1 /W] t 
-TZZ-tT*. ®m&izm.l 0 nmBUbflDftfiMTSCft 

[0 0 4 2] Sfc3ttjE«E«tt, (a) f?r5t©?£g©?IS fcf 
-7/1/P7ft£fe£T£/1/P7ftfg£^g:<i:, (b) /1 

7-/1- n >-tV 3.0 Aft££fig-r-5-hfEft7 r-f rtt. 

©ftSOSftf-^/IJUXftSSS^U 5S£Ufc«t:— 0 
/i;i/77t^±l27 , 67r'r/1^A*T^>. Stf— 7/UU7 
^^d©^7r-f/HCA^UTitfT-r^i, -hETBMH 
Lfc«fc5K, 7-/1-3 >5V-«7Att££fi!cU ftK 

©m^-tLT/n^-r-s. 

[0 0 4 3] Z.<Drt)V*yt5&±^m*. (i) ®/1/l/7 
JtS:^«fe-r«)/1/l/7^±et, (ii) /UV73t^^S 

m^^nrc^/i/i^7?t^A^L^ tttibxm^-r 

5ftifiHS££«X.T^T ! fe<fc^. d©*-&. SStf-7 

/i;^)t0%ii;Sfc-pTH /1^7^^§§*^^L 
fc$S/1/P7}t£, ^tti|iI§§T'lS"IS-r^>CtfcJ;D. iSStf 
-7/1/^7^^&^f^^:^:i-r^c:t{rJ;o, /1/P7^ 

e-7/1/l/7^^^^t--5 31 i Mgt 

■e-rtcw*-. ^^tc7-/i-3>^^3^A7t^m^-r 

^7t©5rH^T#^>. ^*5, ±s27t7 7"1'/1«7-/1- 
3>5 L i'- r >A7tfe*^^:<. 7-f P5^©%^tCfcW 



[0 0 4 4] 

[0045] mi nmmm) m 1 «. *£9i©fts£ 

ICS lHSfi^SI©«^iaT$.-5 0 01 K5jsT<fc5»C 
ClCDgBte, (a) j5rJe&g©A\>l>xtt£S8£-f-5ttA 

;vxfg£g§i o o <h, (b) 3t/wx«£si o oa»& 
w*5snfc/^xjt*A*L.. wilt, astr-jr/w 

X#*ttjaf*3fcii«*2 0 0 t, (c)ftif<Ig§20 

o^&m*sn>tiS5tf-^/^xjt€:A^L. eastr* 

uii:iotSCjtSS)Sl, ifJTjTS^r-f A'3 1 
0££l!i*.5. 

[0 0 4 6] 02 tt. ft7r-f A* 3 1 0 CD®f$.m-e$> 
*^L-Tl>5. @ 2 IC^-T<t P fc, )t77-fA'3 10 
©**$HftDm*«iE©ttT»0, fi^TjfafC^T, & 

[0 0 4 7] **ftjfi»»©tt«g«-ett. *r, 
Xf££ggl 0 0#. /?f5tfcg©*IA;PX#<£fg£-r-5. 
3tt/^X3t56Sfe» 1 0 O^&ttftSttfcJB/WXJEti. 
tt«Mfl»2 0 OKAfcU ii*ISn. Xtf— ?/WX3fe 
LtS.-3XmilZftZ>. f l/I, 3tiB*»2 0 0*»Stti2> 
$tlfeiStr-^/Vl'^^*^7r'1'A*3 1 0(CA^T 
-5. 

[0 0 4 8] ft7 7-f A3 1 OtC. fttr-^A^Xftrti 
A*;T5<i:, 3tt*-S**»C«k-3T, **** £-5JB$t*j&« 

4. f7 7<A*3 1 OdA^Lfc^te, &A£MfcfttlE6> 

fc#»M***tt*U ^©jflrfcfcofrtfoT 

[0 0 4 9] ffiBSSn&ftAJl/XKte, &&*§g©i£ft 
«H©»ft©3fc*»***iTV»*a»» £M*fIE* eil^ 

•pbT. SC*ta*£jGftS*i*. 

[0 0 5 0] 0 2 JC^T «77-fA3 1 Ott, 
-^©»g#»D I^COfiS Z ©HftT* -3 T. 

D (Z) =Din- (AD) • Z - (3) 

(n 2 /A e ff) -Ppeak>0. 0 3X1 
4 5X1 0-8-- (1) 



) & WW 0-090737 

D (Z) =Din- (4) 

[0 0 5 1] T&to*.. 3t77f A3 1 0TI1 HtHfiM 

[0 0 5 2] ^-LTv jtfr^lSilTfcfl:"* 

[0 0 5 3] **!6»18JC*«f»TH:. ^r-fA 1 

ttftI4Di4«**<)S;50T. Ba3tjftfi-&*«»*b-«>"r 
[0 0 5 4] sfefc. »«Xn-y©^#7j(6]tcBg-r-5>« 

•5>„ 

[0 0 5 5] S&. #tt«^*WT©**fl-ttttttjE© 

[0 0 5 6] ^«XD-7 p dt0r^S$SHTIET$.-5>' 
r-f Afc*V»T. jft*^«ffl^IE©ffiS:W-r-5<g-&lC 
tt, AWLfcSSfcf— ^A;PX^t©«fiJ:0 ! bSv>iSS© 

*jj»t)j5sn*t<. «ft»*«*»ft©tt**-r*»^- 

[0 0 5 7] Lfc75*oT, »«jH?^ffi^T©»g^StM 
ttiE©fil^eft©M*T^'fbLTU*t, AWLfcJStf 
-7A;i/X^£©giftlC^UT®ftMfflJ©«ft^©3tj5^ 
^«Hc^fig$n-5©T. JE^&ft|gfflT©SC}fc£:f££ 

[0 0 5 8] JEfc. ie^1S^iS J ? : 'lza^&g-&©Ma<i: 

fc*. &1 0 nmUUi©^^-^^;*. iim&Wfc 
^n2i*5»^T»rM«Aeff<tii5tf— A^Xft© fcf— 
7A7-P P eaki©ra^, 

0-8 [1/W] x l . 5 [W] =0. 0 

[0 0 5 9] B3tt. Stf- 7A;PA^©tf— ?A7- 



Ppeak^l- 5 [W] <Dt%<D}mm®ffimn2t'M&) 
378frffifgA e ff t<Di£omt S CX<D&&mt<Dm% 

*LT, 7>fC7.n-7£D S L0p£t2t\ 
[0 0 6 0] ZV&WiZ&fzoTlt, 1 0 

tbt, 

Djn=1~4 [ps/nm/km] 
AD=0. 5~2 [ps/nm/kir. 2 ] 
DSLOP = 0- 0 3 5 [ps/nmVkra] 
L = 3 [km] 

0 ft 7 7 < A* £ L it . 
[0 0 6 1] ^77-fA3 1 OICATJTSiS&fcf- 

^A^Xftte. 

/t;l/X+'L^fi (AO) = 1 5 5 0 [nm] 
A^Xfcf-^A? — = 1 . 5 [W] 
A;P7.4i=3. 5 [p s] 

[0 0 6 2] -5-l/T» a^WDiNiADt^ffi-a-t+T, 
#81® H tfr* n 2 <h H5» 3 7 ffi SafR A e f f t <D it <D®. t S 

[0 0 6 3] B3*»6. &¥-?/VVZft(Dif—i7/XV 
-Ppeak**l- 5 [W] Ot*. n 2 /A e ff>0. 0 3 
X 1 0-8 [l/W] Dmt ^DtOfS-^iHZ 

frfrt>*>-f, 3tt«ift»c©«fl:o«wf jj<5 0 0 0 [GH 

z] ■a*«±©sctta«£j5fcaftTwasn&. 

[0 0 6 4] 3t«»ft©£{fc0*w f t&gKH 

wA 

wA~ (A OVO • w f ••• (5) 

:;t, c : xmm. 

T*$n, JWiSftCttOfiwfS [THz] 

T, ifcSSgfflwAS: [nm] *fit$Lfctt, A0 = 

1 5 5 0 [nm] tT2>t, 

wA~8w f ••• (6) 

£ts.Z>. 

[0 0 6 5] ?t£t>*>, TKV—tr/VVxytW—irrtV 
-Ppeak^l- 5 [W]- ©t#, n 2 /A eff >0. 0 3 
x l 0-8 [1 /W] T?*fttf, &4 0 nm£A±(D$i&m 

[0 0 6 6] **JS»tBTtt. jt77^A3 10 

OOft*i|S|-W0^S73(R]Sr^rT^«-&fC, gt>S<G3 

[0 0 6 7] skTtz, *nMMme>ftM%m<Dmmmz 
[0 0 6 8] (ns&tfij i ) a 4 «, mmm 1 ©ftaige 

oot> (b) o oa>«E>aj#sn?t:A 



(7) . ¥fM¥l 0-090737 

*fttt4Si§2 0 0 £, (c) 3t*i*i#g2 0 0*^ffi7J$ 

n^«t-i7/t;i/xft*A77U. e*s-r*;:<i:»c«j;oT 

SC^ML. tt!73-r^)7t7T-f A*3 1 lt^Ix 
-5. 

[0 0 6 9] 3t77-f A3 1 lfcL 
D in= 1 [ps/nm/km] 
AD=l/3 [ps/nm/krr.2] 
DSL0P=O. 0 7 [p s/nmVkm] 
L= 3 [km] 

n 2 =2. 0X1 0-20 [ m 2/ W ] 
A e ff= 5 0 [«m2] 
(Dfrmisy h7 7-fA't*5. 
[0 0 7 0] 0 5H **JS0iJTO?lStf-i7A;l/Afti 

0 5 (a) «7t7T'f/N*3 1 1 tCA^-r^iSfc!— ^AJl- 
A3t©A^ h^^t^77TJ&(3, El 5 (b) teft 
77-TA*3 1 l^e>ti}73$n-5S CfttOT.^i7 

[0 0 7 1] )t77-fA3 1 1 \ZAtl?Z>&¥-?/Vl< 
Aft«« B5 (a) tCScTX^ h;i/73-flJSr#T-5i:<h 
fete, 

A^X+^iS* (AO) = 1 5 5 0 [nm] 
AJPAfcf— 9/V7— = 1 . 5 [W] 

a;1/t;h=3. 5 [ps] 

[0072] las (b) iz^t^o\z, *mmme>ytw 

3£«Ttt. ift*=l 5 5 0 [wrn] ©ttiST, tflTjX^ 
©IwfA«5 00 0 [GHz] C9 S C36*«£ifcSftT 

tb7j^nfc. -r&fe-fe. ^ttwottwisiiTW:. £14 

0 nmC0«fi«©SC5t*«ffi*anfc. 
[0 0 7 3] (HJS0II 2 ) El 6 tUSStfJ 2 ©TtJIS^M 

(a) ^&:g<2A;i/Xft£fg£t-£ftAJl/Xfg£g§ 1 
OOi, (b) 7tA;l/X%^ggl 0 0*»6a*StlfcA 
;UX7fc£A73U itHLT, i!5e-i7A;U7>7t^ttl7J-r 
*3tti»tt«2 0 0 t. (c) 7^*1822 0 0^<~>tB7J£ 
nfcigtf-i7A;i,X7t$:A7jL> fe^T-SCltlC.t^T 
SC7fc££/&U tB7JT-&7t7 r-f A* 3 1 2t^fx 
S. 

[0 0 7 4] ^77<A3 1 2te. 
Djn=1 [ps/nm/km] 
A D = 0 . 5 [ps/nm/knr.2] 
D SL0P =0 - °1 [p s/nm 2 /km] 
L = 3 [km] 

n 2 =2. 0X1 0-20 [ m 2/w] 
A e ff= 5 0 Um 2 ] 
<DttWL?7V H77'f AT&5. 
[0 0 7 5] 0 7lt #3l;te#JT£fi££*lfcS CftcDA 
h;^it^77T*$5. ft**, ?t:7 7"f A3 1 2 



(8) 
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ft. 

[0076] H7K*-r«t5t. **jfi«©#w3£«T 

tt, = 1 5 5 0 [ym] ©ttifiT, ffiTjT.^? h)l> 

f*«»i2ooo [ghz] <dsc nxm* 
snt. *nsfi«aj©7tjiigaT«. »96n 

[0 0 7 7] #|ii;6£Wi< 1 ttt^T S Ct£©& 

[0 0 7 8] E8tt, 3 (DftWmW. 

©^El-rfc*. 08i;St<kpi:, c©2£gte, 

(a) m&fe&0/V\<7>yt$:m±TZft/V\'X%±® 1 
OOi, (b) ft/WXfg£3§l 0 O^SfflTJ^nfcA 

Zftmm®2 0 0 (c) ftii*I§§2 0 0*^ffi^$ 

SC7t££/£L. ltl*T^77-fA'3 13iSi^ 
•5. 

[0 0 7 9] Tt^r-fA'S 1 3 it. 
Din=0. 7 [ps/nm/km] 
AD=l/3 [ps/nm/kn?] 
DSLOP =0 - 01 [ps/nm 2 /km] 
L=3 [km] 

n 2 =2. 0X1 O"20 [m!/W] 
A e ff= 5 0 [(im2] 

[0 0 8 0] EI9H #II^JT£fiJc$*arcS C?t©X 
^7 b)VZ*T>f77T&Z. f£&. l7 7-fA'3 1 3 

[0081] ia 9 ic*-r«t5(c, &mffiMv>x.wmm~c 

it, &A = 1 5 5 0 [^m] ©fl-fiT. Hi7l7<7 b)l< 
\Z&tfZ7 7y htf.¥-?mft (±5 [dB] SSJ^ 
f*I) ©TtJlifc&W^ftW'llw f 1 0 0 0 0 [GH 

z] <osc^4jsssnTm**nfc. -ffrfc^. *n 

[0 0 8 2] USEflll tJt-CT, l£K£09 2 

t h# t s c yev&L&m&ft*. u fe. 

[0 0 8 3] (*JS«4) *56JSW4. SC3t©ift** 
£#tt*n-7DsLOp£<0H*S*ttttKW-»l'fcfc® 

[0 0 8 4] HlOtt. Hi&Efl*! 4 ©7t©gS©*/&EIT 

&&. si i o\z7jk-r£o\z. commit, (a) 

fi©/^Xft£&£T*7tA';i'X5S±S§ 1 0 Ot, 

(b) 3te/W*«4»l 0 0fre>tiiti2tltz/Vl>7.ytZ 
A73U tgffiLT, »tr-^^;PX>e«:ttl*r*J6ii« 

i2oo<b, (c) jen««2 o o*»6ta*s*ifcwt: 



£fi£U m^T^Jt^T-r/N'S 1 4 -5. 

[0 0 8 5] )t7 7-fA'3 1 4it. 
D[n= 2 [ps/nm/km] 
AD= 1 [ps/nm/km 2 ] 
DSLOP=0. 0 1~0. 2 [ps/nn-2/km] 
L= 3 [km] 

n 2 =6. 0X1 O"20 [m 2 /W] 
A e ff= 1 0 [Mm 2 ] 

[0 0 8 6] 01 l&itfEll 2it, *nmMT°±l$.2 

nrcscyt<D7,^7 h;i/^r^7 7ts-i>. mi 1 

(a) «DsL0P=°- 2 ©*§•&, Ell 1 (b) «D S L0P 
= 0 . 1 ©J§-8\ El 1 1 ( c ) «Dsl0P= 0 . 0 8 ©* 
El 11 (d) ttDsL0P=0. 0 5©i^> El 1 2 

(a) «DsL0P=0. 0 3O«^ El 1 2 (b) itD 
SL0P=0. 0 2<Di§-8\ &<fcZ>\ El 1 2 (c) teDsLOP 
= 0. 0 1 ©«^Sr*T= 7t77-fA'3 14l;A 

[0 0 8 7] Ell l*J«t^Ell 2IC*-TJ;p{C, CsLOP 
#0. 1ETFT. *ft=1550 [Mm] ©ttifiT, ffi 

©^&©iHw f 1 0 0 0 0 [GHz] ©SCM§ 

tt, DsLOP^O- **J8 0 nm©j£:gi|@©S C 

[0 0 8 8] (£1609 5 ) ' B 1 3 tt. &ftg09 5 ©3fc«8 
M©18fi&E|-e&-5. El 1 3{c*-TJ;plC, 
(a) m«&*©7i^xft£?g£T5ftAjux5g£g§i 

00i, (b) 3fc/WX5S£«l 0 0d^ffi73$nfeA 
*>£i*«»2 0 0£. (c) 7t*i4S3g2 0 07r><E>fcti7j£ 

tlfciStf-^/^l-XftSrA^U e^-r^^ttctoT 
SC3tt££j*U inTjT^Tt^T-f 7N*3 1 St&ffix. 

[0 0 8 9] ytJT^m 1 bit, 
D [N= 2 [ps/nm/km] 
A D = 1 [ps/nm/km 2 ] 

DsL0P :O - 01 °- 01 [ps/nir?/km] 

L=3 [km] 

n 2 = 3. 0X1 0" 2 0 [m 2 /W] 
A e ff= 5 0 [Mm 2 ] 

[0090] 0i4it *mmmT»±i&t£nrzscyt<D 

7,^7 hM*T^77TJ&5. ^t*5. 7t7r-1'7\*3 1 
5lCA73-r^ltlfcf-^/i;WX^tt. HJg0iJl£P«iL 

[0091] ei i 4 ic^t «t 5 ^mmmoytmrnw 

1 5 5 0 [Mm] ©ttifiT. tt5^3X^^ h 
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wf*<D3O 0 0 0 [GHz] OS Cftat&SSnTffl 

0 nm©tt*«©SC3taiiHasnfc. 
[0 0 9 2] (fg 2 HJS^Sg) 01511 *&BM<DytW 
««©»2Stl«S»IB©«l«iaT**. 0l5tc^TJ;^ 
fc. :©8tli. (a) Bf«««©/WXJtte«4TS 
3t/^X564»l 0 0 t. (b) 0 

A;v*tt€:tija*-*ttJi«»2 o 0 1, (c) ftmrnSi 

3 2 0 t&ffi&Z. 

[0 0 9 3] EI 1 6 ti> 7t7 7-f A3 2 0 ©fi^TJft 

[0 0 9 4] »l*J6#t8£fcfc'<T, 3t 

77-fA3 2 0^ HI 6K»r«fc?fc. %it«S2 0 

[0095] **jfi»i8o3t«s«Ttt. jb i mmm-m 
2 o ocaau i#*isn, mv—imfrx 

^/WXttflOfc^T-f A3 2 OfcAfcf *. 
[0 0 9 6] m*«»IB£EI*»::UT. 177 



0^/i;WXrtHfeft»^%^t^. 5t77l'A , 3 2 0 
«€rjtfT-T^OT. lfcft<Dfttr>##tKMEC!)£b>j|*£- 

MUOtfoMco&j&ioT^S. 
[0 0 9 7] JEffiSftfcftA^XKtt, S^ggOj&S 

XftT***^ ^*-S4*tr«k^.ia^il-&o^S^ 
[0 0 9 8] te*5> #*lfi»t8K*HT*>, ftlXSHB 

r*«»tto«6»***/hav»«i. *fi*»iift*3tTo^ 

[0 0 9 9] HK. ^l^Sfi^Mtl^filtr. lEfiffl^ 

7C£V>@. SBKL-*>T<&*. fti 0 nmJBU:©«S« 
We-^A^X^OK-^A^-Ppeaktomc, 



(n 2 /A e ff) 
4 5X10-8 - ( 1) 

[oioo] *nss^JiT«, fsimmmmiiffi 

«77-<A3 2 0«§j#77-f A'tfeoTl 

-5. 

[0 10 1] BIT, **M»»©**5«£K9l"r*. 

[0102] (USS^J 6 ) 017H, 6 OjtlS 

■ OfcjSfcBT**. B17fcSt±5C. COgili. 

(a) jffje»fi©A;pxtt**£T*?fc' , w;*58£»i 
OOt. (b) o o*»6ta*snfcA 

*#«M1B2 0 Oi. (c)3UHS2 0 0^6IBAS 

sotstfiJL. m*-r-57t7 7"r/N*3 2 1 t^tix. 

[0 10 3] )t77-fA3 2 1 tt. 
Djn=1. 8 [ps/nm/km] 
DoUT =_0 - 1 [ps/nm/km] 
Dsl0P =0 - 01 [ps/nmVkm] 



Ppeak> 0 - 0 3 X 1 0-8 [ 1 /W] XI. 5 [W] = 0 . 0 



L=3 [km] 

n2=2. 0 x l O"20 [m 2 /W] 
A e ff= 5 0 [um2] 
©»f77 7 h77-fATSb5. 

[0104] El 1 8 ttv *^JS0iJTO S CTtO^Oiil 
«^m?£*-r^^7T*^). 34*, 3167 r-f A3 2 1 \Z 
A^T-5atf-^AJUX3ttt, tlRl*tLfc. 

[0 10 5] Ell 8(C^-r«fc5tC, *HSfi«SJ03tilg^B 
Ttt, &fi = 1 5 5 0 [urn] <Dtti&T\ tUtlX^? b 
MztsVZ>7yy hfcK-*»#©3tH*afc©*Mfc©« 
wfj&«»1 2 0 0 0 [GHz] OSCJtittUSSftTlli 
ftSftfco -rftto*. **E««03tt«S5«Ttt, $59 6 
nm©i£giS©S CftjWUTJSftfc. 

[0106] (us 3 mmmm 01 9it #5£Bj©7tai 

£«©JS3*J8»»©«J5fcBIT**. HI 9tc^"TJ:p 

\z, z.<Dmm.\z, (a) Bf^iftftoA^^jttafife-r* 

ftA;UA?g£g§ lOOt.. (b) 3ttA;PXS8*« 1 0 0 

A;pxji£*a*ra3tti«*ii2 o o t, (c) xvis 

2 0 Od^tiJTJ^nfcSit!— ^A;UX3t*A*U. 
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3 3 0 5. 

[0 10 7] i2 0ll %yy^nz 3 0©ft^7jfa 

[0 10 8] **JftglBtt. »l*Jt»IBi:lt^T. ft 
77^^3 2 0*5, H2 0JC^J:5K. ft*HSS2 0 

IE«!>*T»*CtttHaiT»*««. ft^rfflKifc^T. 

[0 10 9] HSl/fc^r-f^tt. *KM©tt**Htt 
CD i £=rr*>, #KMOftSL i OJt7T'f^S»«i 

[oiio] #sMs»iB©ftws«-ett. mimmmm 
tmmz. ^;ws4Si o o#B£Ufc«/i;i'*ft 

[0 111] U«. SBlStEJtJUIRtHWicUT. 3t7r 

ttttfEP*«5B*f *. roll**. tt77-f/X3 3 OrtT 
©3G/W*I>JK**$MW*»£T*. *77-fA3 3 0 

(n 2 /A e ff) • Ppeak>0- 0 3xi 
4 5X10-8 ••• (1) 

[0115] *fc. #*w»aTH mimmmmtm 

mz, A*3 3 0d*<ife«J#7r< AT&oTil 

[0 116] RT. #**»tS©*M«*W9rr*. 
[0117] (HSgfll 7 ) 02111 fUJg^J 7 (Dftmm 

m<Dmi&mT'&z>, @2 1 ic^-r^tc, n©ggn 
oot, (b) wxMf i o o*^tb*snfc/i 

*3t*H«»2 0 Ot, (c) fttttI8§2 0 0*6iBAS 
ttfciStf-^/^TsTt^ATjU fifttSiitioT 
SCft££/&U m#-f 57f7r-f A3 3 1 iifcffix. 
5. 

[0 1 18] Jt7 7<A'3 3 111 @21 CStJ;7 
fC, &K(Bfflft$Li^T5 0 0 [m] T&O, 
Dl = 2. 0 [ps/nm/km] . 
D 2 = 1 . 4 [ps/nm/km] . 
D 3 = 0 . 8 [ps/nm/km] > 
D 4 = 0 . 2 [ps/nm/km] . 
D 5 = 0 . 0 1 [ps/nm/km] , 
D 6 = - 0 . 2 [ps/nm/km] , 



[oi 12] EE«s^nfc^ji/x{c«, &**§«©&* 
[oi 13] itcfe, **is»tBt*jv»Tt>, mmm& 

)t77^A*©Mxa- ;/©$£**«*<*£ 

-r<fc*. 

[0 114] Htc, $l&ttJ*ffit£N4S£, ie&*Bf£ 

A^l^fi. fg^tU^T 1 0 nm^wiSSiH 

<h-T-5tCtt> #*»H«r*n 2 4:Sia»=i7Wfiii«Aefft 
S5 tf- :7 /WXft© tf- ^ /1 -7 - P P eak£ OM»', 

0-8 [1/W] XI. 5 [W] =0. 0 

DSLOP =0 - 01 [ps/nmVkm] 
L= 3 [km] 

n2=2. 0X1 0-20 [mVw] 
A e ff= 5 0 [/zm2] 

[0 1 19] El 2 2H *mi&M-C±&i2tlXLSCyt<D 

1 \zxt>-?z>&¥-?/- < u\'xyt\t. mmmi tmmiiv 

[0120] EI 2 2 (C*-T«fc 5 fc, ^^©ftiH^g 
TH 1 5 5 0 [Mm] CDftifiT. tUtlX^^ h 

wf*«l5l 2 0 0 0 [GHz] ©S C7t#£/&2nT£ii 

?j$n/c. **tt«<&tt«Ss«Ttt. »9 6 

[0 12 1] (JM&ftH&lB) El 2 311 *»91©3fcilB 
SS©^4SIBS«^©«J«EITfe^). g|2 3tC^-TJ:^ 
IC, £©gBH (a) Bfr««ft©/UUXtt£$fi±T* 
Tt/^Jl/X^^ lOOt. ( b) 1 0 0 

/I^XftSriiJft-f £ftit"l>If§2 0 0 <h. (c) TtittlSg 

2 0 0^^{±i*^tlfeii5e-^/^WX^S:A^L. 

A3 4 1 £}£:7 7-fA*3 4 2 tfrZtz&fty T-fA* 3 4 
0 
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[0 12 2J @2 4lt %1T< A3 4 0 CD g^. 75 ft 

02 4lr^T<te>tC, (i) 7t77"f/N*3 4 
ITU &ii«»2 0 OJ^&®*t^-£A;^*^fcfl!)A•i■ 
T. *»»«D*«»»C«*U, (ii) ^77^134 

(0 12 31 Cl5Ufc3t7r-fAtt, ftKMaiMMMtt 
<iD i €r*r*. SKIW©*SL i ©3t7r-f 

(oi2 4] *5ft«»iB®#W6«Ttt. mimmmm 
fttftoTiaasn. #jh«»2 o ojfc&tuasftfc* 

K— ^/^UX3tJ8«3tt7T-f A3 4 0O3t7r-f A3 4 1 

(0 12 5] JB1 *«fi»l84:R*tUT, Jt~7 T 

-frt341C, S!tr-^A;i/7>7t^A*T^>t, 3fc# — 

CD^A;i/X^{'jSS^^^-r^. Jt7 7"fA3 4 1 

tMR«TK, A^XJEIB^Jltr. #fSt#g^75|pH::M4> 

(n 2 /A eff ) • P P eak>0. 0 3X1 
4 5X10" 8 - ( 1) 

[0 13 0] Sifc, 
«C. 3t7r-f A* 3 4 l35»flKft«»7r-f ATS&^Tfll 

[0 13 1] 8TF. **M»»OSIlfi«*lftWr*. 
[0132] (£MS0!| 8 ) H25I1 8 ©rtjUig 

(a) »f««*0/t;i/XJt*«*-r«3ttA;i'X«*« 1 
OOt, (b) #A;l/7.5S£S§ 1 0 o*>sm*atifcA 

43fc*i«»2 0 0 £. (O ftigffifg2 0 0*6fll*S 

SCJt**j«L,Tta*-r*. 3tt7r-f A3 4 6 £#7r 
-YA3 4 7 t*6ft*3C7r'f/t3 4 5££(f;l2>. 

[0 13 3] ft7 7-fA3 4 6tt, 0 2 5(;Sti5 
K. 

Din=0. 8 [ps/nm/km] . 
A D = 2 [ps/nm/km2] , 
DsL0P =o - 01 [ps/nirf/km] , 
L = 0. 5 [km] 
n 2 =6. 0X1 0-20 traVw] 



[0 12 6] JEBISnfcJtA;i/XJCtt, &-5*§S©i£g 

[0 12 7] £?LT£fi££*l7cSC}B4. 5t7 7-fA* 
3 4l36»6m*Sn. *7r-f A'3 4 2KA7JU 3t7 
7-f A3 4 2^eS8^(*tB73$tl-5. 

[0128] ft*. *nss^iiir*5^Tfe, w,mmm 

'tttHttC. -3t7T-f A*3 4 l©#«XD-:/©*&*H» 

T©Btn«ftMftOtf***<ft*e!n?. PS3fc»fi£a*5S 
£b*>"r<ft*. 

[0129] Htc, mi&i&mt&ii.mmz, 

3 4 lT©SEffiffl*W*ia3fc«fi£©KH£ftS#*l 

&1 0 nm^±<Di6Si|l<hr*(r«v immmmm^ 
t^SPSnT-WffiaAeffiWtr-^A^XJtOtf-i/A 

■7— Ppeak^M^ 
0"8 [1/W] X 1. 5 [W] =0. 0 

A e ff= 1 0 [/zm 2 ] 
©^ttSrWTSi 
[0 13 4] 3t7r-f A*3 4 7t4. 12 2 6 

Djn~0 [ps/nm/km] . 
AD~0 [ps/nm/km 2 ] . 
DSLOP— °- 01 [ps/nm 2 /km] , 
L = 2. 5 [km] 
n 2 = 6. 0X1 0" 20 [m 2 /W] 
A e ff= 1 0 [Mm 2 ] 

[0 13 5] EI 2 6 14, **j6«T?*ritSnfcSC3t© 
W hM*t^77T*4. ft*. 3t7r-fA3 3 

ft. 

[0 13 6] H.2 6tC^-Ti-51C, *£ieft0>KS(SB 
T14. = 1 5 5 0 [um] ©ttifiT. £B?3X^:7 h 
;nc*3^S7'7-> hfttr-:?gB#©ftJlj£&©^{i©*g 
wf^lOOOO [GHz] ©SCtt7Ji£fi££tlTffi 
7J$nfc. Tftfc)^. #**«©tt*g«Ttt» 880 
nm©jft««©SC3tt*«ttJ*anfc. 

[0137] ft*. *ssEis«t*^TJ4, mmmmrn 
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[0138] (msmmmm) B2 7H *%m<?»m. 

8«©*6 5£JS»tB©*WtBIT»*. m2 7\Z7R?£z> 
(C, C©gS14, (a) BfJ£**©A;UAtt*5B£-r* 
3tW^4SSl0 0t, (b))t/tMJi4110 0 

/t^3tt*ffl*r*3tli«li2 0 0 t, (c) ttifffitt 

2 o oa»saasnfc*tr-*A;i/A3t*Aau em 

A3 5 1 £Jfc7T-f/f 3 5 2 i)t7r^A'3 5 3 t*>6 
!iS)t77<A3 5 0 <h£(f 
[0 13 9] i2 8H Jt77-fM3 5 0©*#75fSj 

7T*5. 02 8l:itJ:5l:. (i) 7t77<A3 5 
1TB. »««-*D*t/h«ft«[«*b. (ii) )t77^ 
A* 3 5 2T14. S5lf-?AJl/Xft©AW3ST©&ft#« 
DiN*«IE©ffiT»0. fi¥7j(R]ICje-pT, &*#<8D# 
«KKtt4>U (iii) *7r-f A3 5 3T?tt. 

[0 14 0] dSbfcft^r-f At4, «-KIW©**»1K 
*D i ^litl), &gra©ISLiOJl£77-fA*M 

to i 4 i] mimmmm 
tn«K; 3fcA;UA»£»i o o^ii/fcl/^w^ 
2 o oica*ju ii^n. ne-^/vw 

tf— ^A;i/^Jt**Jt7 7--f A3 5 0O3t7r-f A3 5 1 
\ZAt)fZ>. -tLT. ft7r-f A3 5 1 
7-f/t3 5 2 KA^TS. 
[0 14 2] Hft. BlUWit^liiaT, 
<A3 5 2l:, JSt-^A;^3t3&»A*-r*i. Tt^J- 

(n 2 /A e ff) • P P eak>0- 0 3X1 
4 5X1 O" 8 -- (1) , 

[0147] ***»!8-cj4, mmmmmtm 

m\Z. 3t7r-fA3 5 1, 3 5 2d»fi»««F77"rAT 

*fi*«t5i^c 

[0 14 8] JSIIT, #*8S»iB©*JS«SI»9I-*-*. 

[0149] (£tt!0!l 9 ) B 2 9 tt. HlJ£0tj 9 ©TfczHig 
IOifJ@T^5. 0 2 gi-^TJc^ic. Cl©SMf4. 

(a) ««»*©AJl*a*»£T*3fcA;i'*«£S 1 
OOt. (b) #A;|/A«£S1 0 0*»6W*SnfcA 

^>7¥;liffiS2 0 0 t. (c) ?|£JVflM2 0 0*&tb*]£ 

nfc*fcr-*Ajuxjfc*A*u eM-rs^ttctox 

SC7t££/3;LTitJ*J-f-£K ft? r -fA 3 5 6 7 
-f A3 5 7iJt7 7<^'3 5 8i*eM77<A3 
5 5 <h£T0HX.-5>„ 



d©S3*. 3t7r-f A3 5 2rtT? 
©ftA;l^rttC&4#*#fg£T5. 3t77"TA3 5 2 

h;l>©&*:tcofc#oT^-5. 
[0 14 3] ffiBSttfcftAJUXfctt, «&gft©&« 
?SB©i£ft©ft/^£*lTU3#, »*II*«JE*»6*^ 

[0 14 4] ;i5lxT£fi£$t1fcSC}t»4» 5t77-fA 
3 5 2«>6Hl*Sn, #7r-f A3 5 SfcAAU %V 

[0145] &*5. ***»ific*jv»Tt>. mi^mm 
mtmmz. it7r<nz 5 2 ©#«txn -;/©*&*« 

[0 14 6] JE1C. IBlX)n«tt&ntt(C. 3t77-fA 
3 5 2T©SEttffi*H*IB3fc*ffi£©*Hifc*#* 

»10nm£[±©»fiitr4K:tt. #M*»B8r*n2 
t*jfta>WfiB«AefftWK-^A;UA3t©t:-^A 

■7-Ppeak-t©M»'' 
0-8 [ 1 /W] xi. 5 [W] = 0 . 0 

[0 15 0] 3t77-fA3 5 6tt. @2 9tC^T<t5 

Dif)=0. 2 [ps/nm/km] , 
AD~0 [ps/nm/km 2 ] , 
DsLOP-0. 0 3 5 [ps/nmVkm] . 
L= 1 [km] 

n 2 = 5. 0 X 1 0-20 [ m 2/w] 
A e ff= 13. 8 5 lump] 

©i#i4£*r-rs. 

[0 15 1] Sfc, ^7 7-fA3 5 7(4, 0 2 9 \Z*T 

Din=0. 8 [ps/nm/km] , 
A D = 1 [ps/nm/km2] , 
£>SL0P=0. 0 3 5 [ps/nm 2 /km] , 
L=l [km] 

n 2 = 5 . 0 X 1 0-20 [ m 2/W] 
A e ff= 13. 8 5 [mm2] 
©#tt£*rT-£. 
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[0 1 5 2] *&. Jt77"f A3 5 8tt. 02 9 Ic^f 

ASK, 

Djn=0. 2 [ps/nm/km] . 
AD~0 [ps/nm/km 2 ] . 
DslOP =0 - 0 3 5 [ps/nm z /km], 
L= 1 [km] 

n 2 =5. 0X1 0-20 [mVW] 
A e ff= 13. 8 5 [jim ! ] 

©#tt£*rt£. 

[0 15 3] 03 OH *HSS^IT^fiK$nfcSC^(0 
X^? hM^7 7T*5. fcfc. ft77-fA3 5 

[0 15 4] 0 3 0 i 5 fc. *JI;ttfl0jMMMi 

Ttt, fc& = 1 5 5 0 [jxm] ©ttifiT\ fflaxi* h 

wf^UUOOO [GHz] ©SCft#£j£$nTtB 

aan/t. rfcfcs. **«t«io3t«««Ttt, »96 

n mO&ftllO S Cft#tB?j Sllfc. 

[0155] ***«c*v»Ttt» mmmmm 

[0 15 6] 03 1 (C^-Tcfc^tC. ±I2l^J£^li 

OS C3ttffl©7t77"f A©m^BL = LofC*5^-&* 

A oC*Stt*ft:7 7'f/fOASWiL=0Oai»iSD 
IN<tU %-7-r-i AHifW&gtC&I^Tfc. A 0 ±2 0 
nmOjSg®H(C*^T-^O»ti7.D-7'EsL0P^ : 8' 

[0157] (HS6*«»I8) SOtSfB^a-erSfc* 
\Z\t, ! g;>-rbfc»^CXD-7'DsLOP* i Ao± 2 OnmO 
»*«Hte*S^T-5rc»4&SW:ft<. 0 3 2 Cl^-f 
<fc?!C, jftft»«DttAo±2 0nmO«fi«IBK*^ 
TBS— m (DsLOP-0) TJoTfciH. Z\ 

0^7^ AttBf^©*S*lBlO»€.teBt*ViT, 2 
0©f»ISfif 1 5 3 0~ 1 5 7 0 nmOjSSIgH^ 

[0158] H3 3(t 032 ©WSfctfT* S C3tffl 

7t7r-r/N-3 6 ozm^fcm6mffiMm<oytWMm%* 

"To 03 3C^T«t5tC. COgBH (a) MiSfi 
©A;UX3fc«5S£-r*3fcA < IVX36£»l 0 0 i. (b) 
ftA;WX5g£8gl 0 Oi^Hj*$nfe/W^*X* 

ooi, (c) *itws2 o o^staA^nfcrte-^ 

A^Xft£A2jU £MT3 J; ?TSC}fc££]5rJt 
U aS*m77-fA3 6 0i:S:ffi^. ^677-fA 
3 6 011 3ti8ffiS2 0 0 a>£©iSlf--?A;UXft©A 

T> fiJf*)£filSfflAo±2 0 nmrtCMMDW 



ft^L=LlCi5tT?>^ft»mDttEo UT -p**. 
[0 15 9] *Jtffi$S©XK£B-?H:. 
X5S£ggl 0 0#. 3f3e«*OfiA;UX3t6*fr*. 

jtA^Ajtssta i o o*^as73^nfcS/i;i/7.^:«. 
jt*ffiS2 o okatju Jiffisn, se-^Ajuxft 

-So 

[0 1 6 0] Jt77-fA*3 6 OK, iSSb!-?Aj|/Xft# 
7 7^*3 6 OrtT©ftA;PXrtlC&fi;fr:ftj#t?g£T 

WCBBStt**. tr-*A<7-teifAT£. d;ftd*H 
K#M*»3»*Si&fiU X"^ h;P©J£At^^**tjT 

[0 16 1] ffiwanfcft/wxKtt* ^^>i«©« 
3gffl©jg[*©5t*f&*tlTV^*t, »*«*«iE^6ft^ 

[0 16 2] 03411 £©SCft7T-fA3 6 0rt>£. 

ffi&tsnsttiltftrox^ MH&as-r. fc43, %7ri 

A3 6 0©fi$ Ltt 1 kmT-ab-So C©SCft©j£gX 
^ W©tf-^SA 0 (il 5 5 OnmTSO, HA 
34S«fcD-2 0 dBte^&ftl^^TWffittX^ MP 
*«litSf*B«:SCMiSSt4i, SCMtll 
0 0nmPi±Tfel). fcf— Ao± 5 0 nm 

©ifc«?lf*£rtf-:m**ffilf3fc©X'^ hJl/©¥ffiS> T 
-OffiS^©ai«-^fg©«AMi«/h«t© 
fill 5 dB^T$5. 

[0 1 6 3] d©^7 7-f A3 6 0 \zm%fafr*> 

^-©ftA;VX£A«-L7t*-g\ 03 SKScTX^ h 

^ftsnfc. c©*^-, ajfcbfc©*^ s;i/©*£A« 

*S<SCff«T3 0nmKTT*5. #J§&. tti#t>t© 
X^£ KJl/ffl¥fift. f^b^. a»3t»ft©«*Bt 
§'MtO«ttl5dB±0t)*4U. &*5. *<b£A 

[0 16 4] H3 6fc*TSft*Mimtt**U 

»«D^S$73l^(:-^-C^-5^7 r-f AfcH 3 4 ©ft 
/tMiH-O^DUSAALfci^, 03 7IC^T 
Jc-pteX^? Ml/dtftSftfc. r©ft7y</N*©fi$L 
ttlkmTSO, £©X^ MI/©¥iB««l 5 dBJ; 
OWfK fcts. gfc£fi9©bf-5'ti:$iifft©X^£' 

[0 16 5] $L\Z, SC3tCOt»TISWr*. 03 8 
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Wft-l&XD-yDsLOPteO- 03 [Ps/nmVk 
m] #&Dli3^£-2 [ps/nm/km] 

£T«4>T5. #7^7 WI/©3HI:£46iai 6 0nmT 

tBtt7t©7^7 hJKO?i«. -r&fr*>> tBtttt&S© 
i^Iti'MiOltt l 5 d BH^T*«. Ltttfiv 
T, SCftH fcf-:7ifcgAo±5 0 nm09$ft|«i: 

< i t> 3 0 n m£U:T* 0 , IffJKttl 

[0 16 6] CCD^7 7-rA3 1 0 fciSWlSia* 63fc*A 
ttbfc»&Ktt. 03 91~t*T7^7 b)l^#6nfc. 

:nasc7tt«s;<, c^cDt:-^&fiAo± 5 o 

nmO&fiflffcfciSttSA^i' hJl/O^PSflTtt 1 5 d B 
<fc 9 *f4*tt3 0nmJ:Dt»/J^^. 

[0 16 7] 04OH :»*77-fA*3 1 O©#rB50 
:©3t77-f A3 1 012373 1 0 xt. 37 
3 1 0 x£Ifc0fflttrtfl!l7 7y F3 1 0ic<t. Afl!l7 7 
y h*3 1 Oic*l*0HtWtt*7y H 3 1 0 0 c<t£«i*- 
5. 3731 OCDjtgDctt, 

ICOtt«DicttftS*lSJC»-3T«»K«il>l/T*t). 
tt#J?7y F3 1 OocOtt«Doctt*a*lftC»-3Tl» 

[0 16 8] 3M»#3t*$*fc£lf L»*fc»Ctt. 3t 
77-f A'3 1 OCD 1 kmfefcOCD^-SDOC^fiS^lp]^ 
Ida (Doc/ km) tt2Mm/km£t±T«*c:i*W 
£b^„ 7t77-TA3 1 0© 1 km*fc9©n& 

Doct-*fT ; 5 3 70itSDc©it^ (D C /D 0 C) 
7jffl£Sjft ( (Dc/Doc) /km) H 0. 5 96/k 

fc 0 ©¥i$ftS^, ft^i6]{r 2 /zmetiJfJnxtti*^ 
U-C^<5»#**ty^ttUT>bJ:^. £li> Jfc7r-f 
A©#&JC#T53 7©B&©tbJ*fi3#(6]{::0. 0 0 

[0169] 041 11 04 OtC^UfcJt^T'f A©& 
7Jft©JB#r3S##£^-f . 3 7 3 1 0 x £fl-{M7 7 y F 
3 1 Ooc©fctB#f$MA+ (= (nc-noc) /noc) 
tt 1 . 2 % . AH? 7 y F 3 1 Oict^fi'J^ 7 y F 3 1 
Ooc^ttSfT^A" (= (njc-noc) /noc) { *~ 
0. 6%T&5. 7^*3. n c«373 1 0 x©JSjfr45> 
nicttrt«;5'9y F3 1 O ic ©I#t$, noc^flS^^ 
y FCHSr*"?**. jfcfc, #««Bffr*n2tt3. 8 
x l 0-16 (cmVw) t-K7Y-)H«gM 
F D 11 5 . 2»mtW. 

[0170] i4 2it ±sajtis^asrffl^fc3taK->x 



T"A£^T. ftiKlOOH %~7t4 A»J>4?U— 1fT7 
£9, 1. 5 5MmfO/U7)t^t5. ftiUlO 
0 <hft7 7-f Aifffig 2 0 0 t\*%7 7-f AO P 1 
«ESnTl>a. ft7 7<Al#iiIi§2 0 OH XJUf^A 
S3si)D77l' /tiiMST**. Jte7 7-f/"«IMI»2 o oa» 
SWJtSftfcl. 5 5 «m?if©A;i-73fcH 3t7 7-TA- 

0 p 2 £4M,T±e^ wa*© s c^tffljt77<A* 

F»:iA73£ft-5. 3t7 7-f/1Ftt. 

3t 7 7 -f / \* F S> ffl 77 $ n S C ft 11 t£ 7 7 < A O P 3 

£^tTft#i£f§DMt::A7j£ft5. SC«t jSfiA 

1 * A 2 SI/ A 3©fi£#£^t5-. ft^&SgDMH 

Hst. e#=HS(xm#ite.n/cA7j#-FPi N , sgi 

Si*#-hPl. SfS2ai7j#-FP 2. Jg3ffi?7#-F 
P3i, t#H s rti:Bi«nfclMko3t*7-f ;^ F 

1. F2. F3. F4, F5*«tS. 7t^7^)V7F 
1. F2. F3, F4, F 5«y-1'^ a-f>y 7 5 

A*. £©##j£g§DM110^Lfc^}g|5:©U> 

[0 17 1] ft^^Jl^F lliSIA KDytZmmZ 

2tt^fc<£fc«ftA 2RtfA.3©tt&fittf *. 
7^7F 311&gA 2©3t£j§ii$-ti\ &§A3©}t 

S. *f7-fMFl £fflii® Lfzfom A 1 © 
3ttt> tB7j#-bP 1 ICATjStX, 7t77-fTOP4S 
^UTfi}Xj£ll£. ft^7-< JU7F 3£)§>©LfcjfcftA 

2®^n i-p 2{cA*^n, 3t7 7-r a'op 

5^^-bxai7j$n«) 0 7t^7^;i/7F4-rsst^nfc 

j&gA 3®«iUlM-hP 3tCA#3ft, ft7 7-fA 
OP 6^^LTffljJ^tl-5„ 

[0 17 2] i&OSMRDtfttOjUfT^lRHCfc^LfcJte 
77-f/N'Ftt, SC7 l ec7)^CD*Tim<, 7-fF^Tt 
© ^)e£ tc fcffi t i -5 d <h *i-tr # ^> . 

[0 17 3] 04 311 7-T F53fc£8£-r*3te*£« 
^^T. 1. 5 5(imfOig)t (#>^ 

3t) *tm«-43t*l 0 0<h. «7 7^0P1TS« 

an, 6»jg^<£iiiisr-5x;i/tf7A^jo^7 7-f A-ti4s 

S2 0 0t, ®e^RO:«»©{S^A 1 oS.^A20* i 7t 
77-T AOP 7 €r^-UTA73an^7'£-&^t§WDM 1 i:, 

7t^&s§wD mt-&& a nrzKifixti a n^jt7 7 -f a 

OP8W)t7 7'fA'Fi, #77-f AF*»6W«-Sia 
fc^A7J$n^>7t7 7l'7N*OP 9£Zm?Z>. 

[0 17 4] £4s» {K)@3tAp©e-7A'7-H ®)S 
7t A pg #d*7t7 7-f A F £iii®-r-5 H i IZ «fc T S C 

A ioR^ A 20*^7 7 -f AO P 7 LTA7J £ 

[0 17 5] 04 411 yt7T^s-uzAt)2nz>mm%: 

Ap, ft^Aio, A 2 oRtfffl*t7t*lo' . A 20 ' 
5S«t©il«^^-r. A 10*^77^ AFtCATj 
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©#, 7-f F^TtAio' (=A P - (Aio-Ap) ) j&Qfc 

7-f/1FKAa3ft*£, B83te©»*Apfc**bT*t 
iffrftft®©&:l©ft. 7-f h*7^A20' (=A P - (A 
20-Ap) ) ^7 7-fA'F^4l, ffi#t$nf>„ 

■j-ftfcs. ^ftA 10 * . a 2 o' ^*-r^.7-r ^Jtlt 

taiSCtiJ'TtS. LfcAbT, ft^Aio, A 20 
©Sfi£g:*.*;i<»:ft<. ?&SAp«:^X-5Cl<hlCJ;o 
T. 7-f F7ftA 10 ' , A20' OftS^^^-S^iAtT' 
-?-©Bt©7-f F7#©/17 — *»ft|fc**<ft5: 

[0176] 04 5 ~0 5 114. {2)@7t©i£:6 A P (n 
m) 1 7-f K?3fc A 10 ' (X14A 2 o' ) ©3£* 

-) t©M«£^T^77-ec&£. m&fttm^xoA 

W/^V-IS^'* 1 0 d BmT$5. 

[0 17 7] 04 514. ®!&;>fc©fcftAp (nm) t« 
^JtOtSSAio (nm) <h©i£gMAA 4 5 nmild 
■3. J&iett©»*Ap*»J*b&*&©Sbigtt©iftftAp 
(nm) i:7-f H77tA 10 ' ©3£S (dBm) £©g|#. 
ft$ 1 km©#7 7-f A F ©*#«&« A 0 14 
S^^rS]i'^-pT-STfeO. 1 5 5 0 nmT*§. £ 
Blie3t©jft*Ap*i»»*ilJE*AolC-aUfc» 
S&U7-f Kt^Aio' ©3£«>4*#S*aTl:><5rt*. 
A P # 1 5 3 9 nm^> 15 6 1 nmO#fiT7-f F 

©ma/w— < ft*. %sm<D®t>mt)nT 

[0 17 8] 04 614. I&jgftOi&fiAp (nm) <t« 
^)t©SESAio (nm) ifflllf AA^ 5 nmtL, 
®S7t©&fiA P £>^L£ii£©®ig7 , £©&§Ap (n 
m) t7-f K7#Aio* ©3£S (dBm) £©H§^£* 
T. &2 1 km©ft:7 7-f A*F©*»ScStftA 0 J4S$ 
^(p](C?B^T 1 5 4 5 nm~ 1 5 5 5 nm©P8T*Rjgt 

»»*«*AoC-Sb/t*^»=. *^7-fF5>£ 
A 10' ©3£a?a**§6ftT^5a<. Ap££*.fc:B5©7-f 
H5Jt©Hi*^7-©*ft:*»/hd<ft-3T^*. 
[0 17 9] 04 7(4, S»^7t©^gAp (nm) <tfi 
#Jt©&*A]0 (nm) i:rotS8AU5nmtl, 
a^TtW^SAp^pI^bAc^-a-oagTtW&gAp (n 
m) t74 h'7JtA 10 ' ©?iS (dBm) i©M«€r* 
r. S£ 1 km©7t77-f /tF©»4HttttftAott*S 
^CiS^Tl 5 3 5 nm~ 1 5 6 5 nmOriTlfl: 
*{bf*. C©«£. (WEtW«Kli!ifi3t©ifi*Ap3&« 



A 10 ' <DJMEiJ«#snTV»5*i, ApS-7-f K53t©a 
^/t>7-©^{b7!iiWaiJ;OfeS^/h^<ftl9. A P #tff 
ttOft^. -Tftto-6. jE^«fiJffl^«lft7 7-f/N*Tfe* 

[0 18 0] 0 4 814. mmtom&Aio (nm) £■ 1 
5 60nmtU ©Jigft©«* Ap£BJgLfc^-&©{ib 
g7t©&SAp (nm) £7-f F^Ak)' ©3S>a (d 
Bm) £©M£S£*-f. fi£ 1 km©7t7r-f AF©* 
#«ttJUott*£#fflfc»-3T-jrr*tK 15 5 0 

A 0 lc— ScT** i A 0 {rifiVi«-&ir. !l^7-f K7)t 
A 10' ©»«*«#6n*. Ltf»U Ap*U o<fc 0 fcJB< 
ft* £7^ K53t©3Sfttt€i»»ci*^r*. 
[0 18 1] 04 914. «^3t©»*Aio (nm) €r 1 
5 6 0 nm£L. a^©«g Ap£pJ^Lfe*-&©® 
i£ft©fcBAp (nm) <fc7-f F ^ft Ajo' ©3Slg (d 
Bm) t©IS^£^-r. mt! 1 kmWft^r'f AF©3i 
#«MA 0 14ft£77|p]{::ifJ^T 1 5 4 2 nm~ 1 5 5 
2 nmOKTHf C^btS, £©*£•. S»S3t©iSft 
Ap*»*»*iSftAo©«lfflrtl=**»^t, «*#©« 
SAio^S 5 nmJ^F*?{Cfe*«-&lcl. ii5^7-f F^^tA 
10' <5Si«))if5tltH«a<, mreB^^iSftO. Ap 
*U 5 5 0 nm±OS<ft?Tt)7-f F 7ft©3££14*- 
niii'»'>UTV^H. ft*3. *#fftfcgA 0 14:g$?7 
Iftfc5 nm£A±«H»K«<bLTlr»nti!BU7-f F^ftA 

10' ©3$a##&n£c<fct>fliigLT^5„ 

[0 18 2] 0 5 014. «Wt©*4Aio (nm) Sr 1 
5 6 0nmiU ®iS3t©*fiAp*Bl*bfc»'&©a 
ig^©j£AA P (nm) i7-f F^^tAio' ©3£S (d 
Bm) t©B8^€rS%-T. S3 1 km©7t7 7-f A*F©3I 
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(54) OPTICAL FIBER, LIGHT SOURCE DEVICE AND SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently generate non- 
linear phenomenon light such as supercontinuum(SC) 
light with wide wavelength width and with high flatness in 
the wavelength width and idler light etc., by providing a 
dispersion reduction area that wavelength dispersion is 
reduced from a positive value according to advance of 
pulse light in the main generation area of the non-linear 
phenomenon light. 

SOLUTION: In an optical fiber 310, the wavelength 
dispersion DIN on an incident end of high peak pulse light 
from a light amplifier 200 is the positive value, and the 
wavelength dispersion D is reduced linearly along the 
longitudinal direction. When the high peak pulse light is 
inputted to the optical fiber 310, since the inputted light 
advances on the area of abnormal dispersion that the 
wavelength dispersion is the positive value, the more 
pulse compression is advanced in the abnormal 
dispersion area with a late group speed the more the 
wavelength is longer. Although the light of the 

wavelengths of a wavelength range of a certain degree are incorporated in a compressed light 
pulse, the light are affected strongly by an effect of four light waves mixture due to an optical 
Kerr effect while a dispersion value is changed from the positive to the negative, and the light 
with the wavelengths of the further wider wavelength range are generated. In such a manner, 
the SC light is generated. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the optical fiber characterized by being the optical fiber which outputs nonlinear- 
phenomenon light according to the pulsed light of predetermined wavelength inputted, and 
equipping the main generation field of the aforementioned nonlinear-phenomenon light with the 
distributed reduction field where a wavelength dispersion decreases from a positive value with 
advance of the aforementioned pulsed light. 

[Claim 2] The aforementioned nonlinear-phenomenon light is an optical fiber according to claim 1 
characterized by being super contest tee NIUMU light. 

[Claim 3] The optical fiber which is an optical fiber which inputs the pump light of different 
wavelength from signal light, and generates nonlinear-phenomenon light in a predetermined 
wavelength field, and the absolute value of a distributed slope is below 0.04 (ps/nm2/km), and is 
characterized by increasing in number or decreasing zero dispersive-wave length by 5nm or more 
to the longitudinal direction of an optical fiber with a signal light wave length band. 
[Claim 4] The optical fiber according to claim 1 or 3 characterized by a wavelength dispersion 
decreasing from a positive value to a negative value with advance of the aforementioned pulsed 
light in the aforementioned distributed reduction field. 

[Claim 5] The aforementioned distributed reduction field is an optical fiber according to claim 1 
or 3 characterized by having the zero dispersive-wave length of 1 .5-micrometer band in a 
predetermined position. 

[Claim 6] The aforementioned distributed reduction field is an optical fiber according to claim 1 
or 3 characterized by including a polarization maintenance fiber. 

[Claim 7] The optical fiber according to claim 1 characterized by the average outer diameter per 
1m of aforementioned optical fibers containing in a longitudinal direction the portion which is 
increasing or decreasing by 2 micrometers or more. 

[Claim 8] The optical fiber according to claim 1 characterized by including the portion to which 
the ratio of the diameter of a core to the outer diameter of the aforementioned optical fiber is 
increasing or decreasing or more by 0.005 in the length direction. 

[Claim 9] It is the optical fiber according to claim 1 to which the aforementioned distributed 
reduction field has the clad surrounding a core and the aforementioned core, and the diameter of 
the aforementioned core and the diameter of the aforementioned clad are characterized by 
including the portion which is increasing or decreasing along with both longitudinal directions. 
[Claim 10] the ratio to the quartz of the aforementioned core — a ratio [ as opposed to / a 
refractive-index difference is +1 .2% or more, and / the quartz near / aforementioned / the core 
of the aforementioned clad ] — the optical fiber according to claim 6, 7, or 8 characterized by a 
refractive-index difference being -0.6% or less 

[Claim 11] The distributed slope in the aforementioned predetermined wavelength field of the 
aforementioned distributed reduction field is an optical fiber according to claim 1 or 3 
characterized by being below 0.1 (ps/nm2/km) more than -0.1 (ps/nm2/km). 
[Claim 12] The absolute value of the distributed slope in the aforementioned predetermined 
wavelength field of the aforementioned distributed reduction field is an optical fiber according to 
claim 1 characterized by being below 0.04 (ps/nm2/km). 
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[Claim 13] The effective core cross section Aeff is the peak power Ppeak of the aforementioned 
pulsed light, the nonlinear refractive index n2 of the aforementioned distributed reduction field, 
and an optical fiber according to claim 1 or 3 characterized by filling the relation of -(n2-/Aeff) 
Ppeak>4.5x10-10. 

[Claim 14] The effective core cross section Aeff is the peak power Ppeak of the aforementioned 
pulsed light, the nonlinear refractive index n2 of the aforementioned distributed reduction field, 
and an optical fiber according to claim 1 characterized by filling the relation of -(n2-/Aeff) 
Ppeak>6.4x10-12. 

[Claim 15] The optical fiber according to claim 1 or 3 to which the aforementioned nonlinear 
refractive index n2 is characterized by being more than 4x10-20 (m2/W). 

[Claim 16] Light equipment characterized by having the aforementioned optical fiber according to 
claim 1 and the light source which combines with the end of the aforementioned optical fiber 
optically, and carries out outgoing radiation of the aforementioned pulsed light. 
[Claim 17] The light source system characterized by having the aforementioned optical fiber 
according to claim 1, the light source which combines with the end of the aforementioned optical 
fiber optically, and carries out outgoing radiation of the aforementioned pulsed light, and the 
optical separator optically combined with the other end of the aforementioned optical fiber. 
[Claim 1 8] A light source system equipped with the aforementioned optical fiber according to 
claim 1, the light source which combines with the end of the aforementioned optical fiber 
optically, and carries out outgoing radiation of the aforementioned pulsed light, and the optical 
multiplexing machine which combines two or more signal light with the aforementioned end of the 
aforementioned fiber with the aforementioned pulsed light. 

[Claim 1 9] The light source which generates excitation light. The optical fiber which the 
aforementioned excitation light and signal light are inputted, and carries out outgoing radiation of 
the nonlinear-phenomenon light. It is light equipment equipped with the above, and the absolute 
value of the distributed slope of the aforementioned optical fiber in the wavelength range of the 
aforementioned signal light is below 0.04 (ps/nm2/km), and the zero dispersive-wave length of 
the aforementioned optical fiber is characterized by changing along with the longitudinal direction 
of the aforementioned optical fiber by predetermined wavelength within the limits containing the 
wavelength of the aforementioned excitation light. 

[Claim 20] The aforementioned nonlinear-phenomenon light is light equipment according to claim 
19 characterized by being idler light. 

[Claim 21] The wavelength of the aforementioned excitation light is light equipment according to 
claim 19 characterized by adjustable being possible. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optical fiber and light 
equipment which carry out outgoing radiation of the nonlinear-phenomenon light, such as super 
contest tee NIUMU light generated based on the nonlinear optical effect by the incidence of the 
optical pulse of high peak power, or idler light. 
[0002] 

[Description of the Prior Art] With development of optical-communication technology, it is short 
pulsed light and the latus light source of wavelength width of face is expected, as technology 
about such the light source, it is the latus pulsed light of wavelength width of face when carrying 
out incidence of the optical pulse of high peak power into an optical nonlinear medium — 
generating of super contest tee NIUMU (SC) light attracts attention 

[0003] Used the optical fiber (it is also henceforth called SC fiber) as a nonlinear medium in 
recent years. The experiment of generation of SC light is made and announced (" : besides 
woods 1992 electronic-intelligence communication society autumn convention C- 255, pp4- 277 
(henceforth)), that it is called the conventional example 1" and " — woods B-920 and pp 4-161 
(henceforth) others — : — the 1 993 electronic-intelligence communication society autumn 
convention It is called the conventional example" 2, "T.Morioka et aLELECTRONICS LETTERS, 
7th July 1 994, Vol.30, No.1 4, pp 1 1 66-1 1 68 (henceforth) It is called the conventional example" 3, 
"T.Morioka et al.:OFC'96, PD21, 1996 (henceforth) T. that it is called the conventional example 
4", "Morioka et aLELECTRONICS LETTERS, 22nd June 1995, Vol.31, No.13" (it is henceforth 
called the conventional example 5), etc. 

[0004] the peak power to which the conventional example 1 has main wavelength to a zero 
distribution field in the optical fiber from which a wavelength dispersion (a normal dispersion or 
anomalous dispersion) and length differ — several 10 — the experimental result of generating of 
SC light at the time of carrying out incidence of the picosecond pulse light which is W is 
indicated And it is indicating that the band of SC light is larger than the case where the direction 
in case an optical fiber has anomalous scattering has a normal dispersion. 

[0005] The conventional example 2 is indicating the experimental result of generating of SC light 
at the time of carrying out incidence of the pulsed light from semiconductor laser (LD) to the 
optical fiber from which a wavelength dispersion (a distributed flat or distributed shift) and length 
differ. And it is indicating that the band of SC light is larger than the case where the direction in 
case an optical fiber has distributed flat type distribution has distributed shift type distribution. 
[0006] The conventional example 3 is indicating generating of SC light when length sets to 3 
[km], wavelength sets to 1541nm and a distributed value uses the distributed shift fiber of 0.1 
[ps/nm/km] as an optical fiber for SC light. 

[0007] The conventional example 4 and the conventional example 5 are indicating the spectrum 
in the incidence edge and outgoing radiation edge at the time of using a distributed shift fiber as 
an optical fiber for SC light. 
[0008] 

[Problem(s) to be Solved by the Invention] In the conventional examples 1-5, although indicated 
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about SC light, it is not indicated about the optical fiber for generating SC light, this invention is 
made in view of the above, wavelength width of face is wide and the flat nature in wavelength 
width of face aims at offering a suitable optical fiber and suitable light equipment generating 
efficiently nonlinear-phenomenon light, such as high SC light and idler light. 
[0009] 

[Means for Solving the Problem] The optical fiber concerning this invention is an optical fiber 
which outputs nonlinear-phenomenon light according to the pulsed light of predetermined 
wavelength inputted, and the main generation field of nonlinear-phenomenon light is 
characterized by having the distributed reduction field where a wavelength dispersion decreases 
from a positive value with advance of pulsed light. Nonlinear-phenomenon light is a light 
generated by nonlinear phenomenons, such as super contest tee NIUMU light or idler light. When 
an optical fiber is equipped with the above-mentioned distributed reduction field, such nonlinear- 
phenomenon light occurs in a wide band efficiently. 

[0010] Moreover, when the wavelength dispersion is decreasing from a positive value to a 
negative value in connection with the travelling direction of pulsed light in a distributed reduction 
field, super contest tee NIUMU light occurs still more efficiently. The pump light of different 
wavelength from signal light is inputted, it is the optical fiber which generates nonlinear- 
phenomenon light in a predetermined wavelength field, and when the absolute value of a 
distributed slope is below 0.04 (ps/nm2/km) and zero dispersive-wave length is increased in 
number or decreased by 5nm or more to the longitudinal direction of an optical fiber with a signal 
light wave length band, nonlinear-phenomenon light, such as idler light, occurs efficiently. 
[001 1] As for this distributed reduction field, it is desirable to have the zero dispersive-wave 
length of 1 .5-micrometer band in a predetermined position. In this case, if signal light is 
simultaneously introduced into the aforementioned optical fiber by making pulsed light inputted 
into excitation light, nonlinear-phenomenon light, such as idler light, can be generated efficiently. 
[0012] It is desirable to include a polarization maintenance fiber, it becomes easy to generate the 
4 light-wave mixture for nonlinear-phenomenon light occurring, and a distributed reduction field 
can generate nonlinear-phenomenon light still more efficiently. 

[0013] Moreover, when the average outer diameter per 1m of optical fibers contains in a 
longitudinal direction the portion which is increasing or decreasing by 2 micrometers or more, or 
when the ratio of the diameter of a core to the outer diameter of an optical fiber contains the 
portion which is increasing or decreasing or more by 0.005 in the length direction, nonlinear- 
phenomenon light can be generated efficiently. 

[0014] furthermore, a ratio [ as opposed to / for generating of nonlinear-phenomenon light, a 
distributed reduction field has the clad surrounding a core and a core, and as for the diameter of 
a core, and the diameter of clad, it is desirable to include the portion which is decreasing along 
with both longitudinal directions and / the quartz of a core ] — a ratio [ as opposed to / a 
refractive-index difference is +1.2% or more, and / the quartz near the core of clad ] — as for a 
refractive-index difference, it is desirable that it is - 

[0015] Moreover, in order to generate nonlinear-phenomenon light, it is [ more than -0.1 
(ps/ nm2/km) ] desirable [ the distributed slope in the predetermined wavelength field of a 
distributed reduction field ] that it is below 0.1 (ps/nm2/km). 

[0016] When the absolute value of the distributed slope in the predetermined wavelength field of 
this distributed reduction field is below 0.04 (ps/nm2/km), nonlinear-phenomenon light, such as 
idler light, can be generated efficiently. 

[0017] In order to generate nonlinear-phenomenon light, as for the peak power Ppeak of the 
aforementioned pulsed light, the nonlinear refractive index n2 of a distributed reduction field, and 
the effective core cross section Aeff, it is desirable to fill the relation of -(n2-/Aeff) 
Ppeak>4.5x10-10. 

[0018] Moreover, as for the peak power Ppeak of pulsed light, the nonlinear refractive index n2 
of a distributed reduction field, and the effective core cross section Aeff, it is still more desirable 
to fill the relation of -(n2-/Aeff) Ppeak>6.4x10-12. 

[0019] In this case, if especially the nonlinear refractive index n2 is more than 4x10-20 (m2/W), 
it can generate nonlinear-phenomenon light still more suitably. 
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[0020] Moreover, the light equipment of this invention is characterized by having the 
aforementioned optical fiber and the light source which combines with the end of an optical fiber 
optically and carries out outgoing radiation of the pulsed light. 

[0021] Moreover, the light source system of this invention is characterized by having the 
aforementioned optical fiber, the light source which combines with the end of an optical fiber 
optically and carries out outgoing radiation of the pulsed light, and the optical separator optically 
combined with the other end of an optical fiber. Although incidence of the pulsed light by which 
outgoing radiation was carried out from the light source is carried out to an optical fiber and it is 
outputted as nonlinear-phenomenon light, such as super contest tee NIUMU light of the latus 
wavelength range, it dissociates for every wavelength by the optical separator, and this is 
applicable to wavelength multiplex communication. 

[0022] Moreover, the light source system of this invention is characterized by having the 
aforementioned optical fiber, the light source which combines with the end of an optical fiber 
optically and carries out outgoing radiation of the pulsed light, and the optical multiplexing 
machine which combines two or more signal light with the end of a fiber with pulsed light. Since 
two or more signal light is inputted into an optical fiber by the optical multiplexing machine with 
excitation light they can generate two or more idler light. 

[0023] Moreover, it sets to light equipment equipped with the light source which generates 
excitation light, and the optical fiber which excitation light and signal light are inputted and 
carries out outgoing radiation of the nonlinear-phenomenon light. The absolute value of the 
distributed slope of the optical fiber in the wavelength range of signal light is below 0.04 
(ps/nm2/km). The zero dispersive-wave length of an optical fiber can generate nonlinear- 
phenomenon light, such as idler light, when changing along with the longitudinal direction of an 
optical fiber by predetermined wavelength within the limits containing the wavelength of 
excitation light. Since this can be made in agreement with zero dispersive-wave length at one 
point of the optical fibers irrespective of the value of the wavelength of excitation light, 
nonlinear-phenomenon light, such as idler light, can make it generate efficiently in this invention. 
Especially, when adjustable is possible for the wavelength of excitation light, since idler light has 
the wavelength of a symmetric position to signal light, it can change the wavelength of idler light 
by changing the wavelength of excitation light, without changing the wavelength of signal light. 
[0024] In addition, the principle above-mentioned phenomenon generating is considered to be is 
explained below. That is, in the above-mentioned optical fiber, if high peak pulsed light inputs into 
a distributed reduction field, by the optical Kerr effect, the refractive index which light senses 
will change and the self-phase modulation of a light wave will occur. Consequently, wavelength is 
long in the standup of pulsed light to the wavelength distribution of the light within an optical 
fiber, and a negative chirp with short wavelength occurs in falling of pulsed light in it. Since the 
light inputted into the distributed reduction field advances the field of anomalous scattering at 
least at the beginning, in the anomalous-dispersion field of group velocity where the one where 
wavelength is longer is late, generating and pulse compression of a wavelength distribution 
advance simultaneously. 

[0025] If distribution is decreasing to the longitudinal direction, although compression will be 
performed still more efficiently and pulse peak power will become large then, a nonlinear 
phenomenon becomes easier to happen and the breadth of a spectrum occurs. 
[0026] By the self-phase modulation of the optical Kerr effect, 4 light-wave mixture, etc., the 
light of the wavelength of the latus wavelength range can be obtained in this way, and it becomes 
super contest tee NIUMU light. Although the light of different wavelength exists in abbreviation 
same time and an abbreviation same position and needs to interact in order to promote efficient 
4 light-wave mixture, in order to perform such an interaction efficiently, it is desirable for the 
difference of the group velocity between the light of different wavelength to be small. 
[0027] In the direction in which light should advance, it starts in anomalous scattering and super 
contest tee NIUMU light is mainly generated from self-phase modulation, 4 light-wave mixture, 
etc. in the distributed reduction field which is the principal part of super contest tee NIUMU light 
generating by the optical fiber equipped with the distributed reduction field where a wavelength 
dispersion decreases. 
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[0028] And since a kind of scan of zero dispersive-wave length will be performed near the 
wavelength of the light which 4 light-wave mixture generates when a wavelength dispersion 
changes by the travelling direction of light, it becomes easy to generate 4 light-wave mixture 
with the light of various wavelength, and the light of the wavelength of the latus wavelength 
range is generated. Consequently, the super contest tee NIUMU light in th latus wavelength 
range occurs. 

[0029] In addition, as for portions other than a distributed reduction field, it is desirable that the 
absolute value of distribution in the wavelength range of super contest tee NIUMU light is small 
and to use the small distributed flat fiber of the absolute value of a distributed slope from the 
point that the interaction length of the light of each wavelength contained in 4 light-wave 
mixture and super contest tee NIUMU light becomes long. 

[0030] The composition that have two or more optical fibers from which a wavelength dispersion 
differs, and cascade connection of two or more of these optical fibers is carried out to the 
longitudinal direction is sufficient as a distributed reduction field. 

[0031] Since cascade connection of two or more optical fibers from which a wavelength 
dispersion differs is carried out to a longitudinal direction and an optical fiber is constituted, this 
optical fiber can be manufactured easily. 

[0032] in addition, the above-mentioned optical fiber — setting — a (i) positive value — ** the 
1st optical fiber which has the average wavelength-dispersion value of **** 1, and (ii) — while 
having the 2nd average wavelength-dispersion value smaller than the 1st average wavelength- 
dispersion value, it is good also considering having the 2nd optical fiber to which the end face 
which should carry out incidence of the light to the end face which should carry out outgoing 
radiation of the light of the 1st optical fiber was connected as a feature Although reduction 
change of the wavelength dispersion in the travelling direction of light becomes dispersed in this 
optical fiber, it acts like [ generating / of self-phase modulation, 4 light-wave mixture, etc. ] the 
above. In addition, in this optical fiber, on condition that it considers as the composition which a 
wavelength dispersion does not increase by the travelling direction of light, you may carry out 
cascade connection of the optical fiber which has a still more suitable wavelength-dispersion 
value to the downstream of the 2nd optical fiber. 

[0033] When the distributed slope about the wavelength in the generation wavelength region of 
super contest tee NIUMU light in each position of a distributed reduction field is -0.1 
[ps/nm2/km] -0.1 [ps/nm2/km], the difference of distribution between the wavelength in each 
position of a distributed reduction field is small. Therefore, the optical Kerr effect which is a 
nonlinear optical effect can be efficiently discovered, and can generate the super contest tee 
NIUMU light of the latus wavelength range. 

[0034] Moreover, from a viewpoint of generation of the super contest tee NIUMU light of the 
latus wavelength range, the absolute value of a distributed slope is so desirable that it is small. 
For example, it is desirable to use the distributed flat fiber with which a distributed slope value 
becomes -0.04[ps/nm2/km] -0.04[ps/nm2/km]. 

[0035] In addition, if an absolute value is a problem and the absolute value is the same, even if 
the signs of a value differ about the distributed slope, the contribution to the wavelength width of 
face of super contest tee NIUMU light seldom changes. 

[0036] In a distributed reduction field, towards light advancing, a distributed slope from a positive 
value to a negative value When it changes from a negative value to a positive value and a group- 
delay difference is reduced rather than the case where a distributed slope is fixed, the 
distributed slope in a distributed reduction field or by making it change to the grade from which 
polarity changes by the travelling direction of light Rather than the case where a distributed 
slope is fixed, the group-delay difference in a distributed reduction field can be reduced. 
Consequently, the lap in the time domain of the light of each wavelength can increase, and super 
contest tee NIUMU light can be generated efficiently. 

[0037] It has the following advantages, when a distributed reduction field has zero dispersive- 
wave length on 1 .5-micrometer band. In recent years, as a light which makes an optical fiber 
spread, the light of the wavelength of 1.5 micrometer band of lows is used abundantly for 
transmission loss in use of the optical fiber which makes quartz glass the main material. 
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Therefore, the optical fiber which has zero dispersive-wave length is used for 1 .5-micrometer 
band as an optical fiber from a viewpoint of distorted prevention of the wave by the wavelength 
dispersion. In this case, since it has zero dispersive-wave length on 1 .5-micrometer band, about 
the component of the super contest tee NIUMU light which has the wavelength of 1.5- 
micrometer band, the influence of a wavelength dispersion is reduced and the output of a 
suitable super contest tee NIUMU light can be obtained. In addition, when generating SC light in 
1 .3-micrometer band, it is suitable to set zero dispersive-wave length as the wavelength of 1.3- 
micrometer band. 

[0038] Furthermore, it is also possible to generate SC light of 1 .3-micrometer band and 1.5- 
micrometer band for zero dispersive-wave length as wavelength of 1 .3-micrometer band or 1.5- 
micrometer band. 

[0039] When the above-mentioned distributed reduction field has a polarization maintenance 
property, it has an advantage below. The degree of a manifestation of a nonlinear optical effect 
depends in composition of the medium matter, and the direction of the plane of polarization of 
propagation light. Therefore, when time is separated on the same conditions when a distributed 
reduction field has a polarization maintenance property in this way, and an optical pulse inputs, 
the same nonlinear optical effect is discovered and generating of a stable super contest tee 
NIUMU light is performed. Moreover, about 4 light-wave mixture, when two light which interacts 
has the same direction of plane of polarization, 4 light-wave mixture occurs best. Therefore, in 
this optical fiber, since plane of polarization is held in process of generating of super contest tee 
NIUMU light, the light of each wavelength generated by self-phase modulation or 4 light-wave 
mixture has the same direction of plane of polarization, and can generate super contest tee 
NIUMU light efficiently. 

[0040] between the peak power Ppeak of the pulsed light which carried out incidence to a 
nonlinear refractive index n2 and the effective core cross section Aeff in the distributed 
reduction field -(n2/Aeff) Ppeak>0.03x10- when the relation of 8[1/W] x1.5[W] =0.045x10-8** is 
realized, it has the following advantages A refractive index n is the function of the power level P 
of input light and is n(P) =nO+(n2/Aeff) -P. — It can express n 0:0th refractive index (2) and 
here. And the manifestation of a nonlinear optical effect becomes remarkable and super contest 
tee NIUMU light is efficiently generated, so that -(n2-/Aeff) P is large. In addition, the 
manifestation of a nonlinear optical effect becomes remarkable and super contest tee NIUMU 
light is efficiently generated, so that (n2-/Aeff) is large, if the power level P of input light is the 
same. 

[0041] At this optical fiber, since it was referred to as -(n2-/Aeff) Ppeak>0.045x10-8, SC light is 
efficiently generated by wavelength width of face of several 10nm or more. In addition, since the 
peak power level Ppeak obtained easily is 1.5 [W] grades when usual semiconductor laser and 
usual optical fiber amplifier are used, it is considering as >(n2/Aeff)0.03[1/W], and SC light is 
efficiently generated by wavelength width of face of several 10nm or more. 

[0042] Moreover, light equipment inputs the high peak pulsed light which a pulsed light generating 
means to generate the high peak pulsed light of (a) predetermined wavelength, and (b) pulsed 
light generating means generated, and is equipped with the above-mentioned optical fiber which 
generates super contest tee NIUMU light. In this light equipment, a pulsed light generating means 
generates the high peak pulsed light of predetermined wavelength, and inputs the generated high 
peak pulsed light into the above-mentioned optical fiber. If high peak pulsed light inputs into this 
optical fiber and advances, as explained above, super contest tee NIUMU light will be generated 
and it will output as an output of the light source. 

[0043] From the pulsed light generator by which this pulsed light generating means generates (i) 
short pulsed light, and (ii) pulsed light generator You may have the light amplifier which inputs, 
amplifies and outputs the outputted short pulsed light. In this case, it is not necessary to need 
for a pulsed light generator to generate high peak pulsed light alone, and the light source which 
outputs super contest tee NIUMU light easily can be realized by supposing that high peak pulsed 
light is obtained by amplifying the short pulsed light which the pulsed light generator generated 
by the light amplifier in generating of high peak pulsed light. In addition, only the super contest 
tee NIUMU light of the above-mentioned optical fiber is effective also in generating of 7s ** and 
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idler light. 
[0044] 

[Embodiments of the Invention] Hereafter, with reference to an accompanying drawing, the 
optical fiber of this invention and the gestalt of operation of light equipment are explained. In 
addition, the same sign is given to the same element in explanation of a drawing, and the 
overlapping explanation is omitted. 

[0045] (The 1 st operation gestalt) Drawing 1 is the block diagram of the 1 st operation gestalt of 
the light equipment of this invention. As shown in drawing 1 f the high peak pulsed light outputted 
from the optical pulse generator 100 by which this equipment generates the pulsed light of (a) 
predetermined wavelength, the light amplifier 200 which inputs and amplifies the pulsed light 
outputted from (b) optical pulse generator 100, and outputs high peak pulsed light, and the (c) 
light amplifier 200 is inputted, and by spreading, SC light is generated and it has the optical fiber 
310 to output. 

[0046] Drawing 2 is the block diagram of an optical fiber 310, and shows the distribution of a 
wavelength dispersion in a longitudinal direction (travelling direction of light). As shown in drawing 
2 , an optical fiber 310 is a value positive in the wavelength dispersion DIN in the incidence edge 
of the high peak pulsed light from a light amplifier 200, and a wavelength dispersion D decreases 
to alignment along with a longitudinal direction. 

[0047] In the light equipment of this operation gestalt, the optical pulse generator 1 00 generates 
the short pulsed light of predetermined wavelength first. The short pulsed light outputted from 
the optical pulse light generator 100 is inputted into a light amplifier 200, it is amplified, and turns 
into high peak pulsed light, and is outputted. And the high peak pulsed light outputted from the 
light amplifier 200 inputs into an optical fiber 310. 

[0048] If high peak pulsed light inputs into an optical fiber 310, by the optical Kerr effect, the 
refractive index which light senses will change and the self-phase modulation of a light wave will 
occur. Consequently, a wavelength distribution occurs in the optical pulse within an optical fiber 
310. Since the light inputted into the optical fiber 310 advances the field of anomalous scattering 
whose wavelength dispersion is a positive value, pulse compression progresses in the 
anomalous-dispersion field of group velocity where the one where wavelength is longer is late. If 
distribution is decreasing to the longitudinal direction, since a pulse will be compressed still more 
compulsorily, peak power increases. This promoted the nonlinear effect further and has led to 
expansion of a spectrum. 

[0049] Although the light of the wavelength of a certain amount of wavelength range is contained 
in the compressed optical pulse, the influence of the 4 light-wave mixture by the optical Kerr 
effect is strongly received in the midst by which a distributed value changes from positive to 
negative, and the light of the wavelength of the latus wavelength range occurs further. In this 
way, SC light is generated. 

[0050] As shown in drawing 2 , the wavelength dispersion D is the function of the position Z of 
travelling direction, and an optical fiber 310 is D(Z) =DIN-(deltaD) ~Z. — (3) 
It is expressed. Therefore, if light advances, although it will be hard coming to generate the 
spectrum expansion by self-phase modulation, generating of the phase contrast between the 
light of different wavelength by advance is reduced gradually. For this reason, a wavelength 
dispersion D is not dependent on the position Z of travelling direction, and it is D(Z) =DIN. — (4) 
Compared with a ********** case, the time lap of the light of different wavelength becomes 
large, and 4 light-wave mixture occurs efficiently. 

[0051] That is, in the optical fiber 310, in the direction in which light should advance, it starts in 
anomalous scattering, and has the distributed reduction field where a wavelength dispersion 
decreases, and nonlinear phenomenons, such as pulse compression by anomalous scattering, 
self-phase modulation, and 4 light-wave mixture, are generating SC light in the distributed 
reduction field which is the principal part of SC light generating. 

[0052] And near the wavelength of the light which 4 light-wave mixture generates when a 
wavelength dispersion changes by the travelling direction of light, since a kind of scan of zero 
dispersive-wave length will be performed, it becomes easy to generate 4 light-wave mixture with 
the light of various wavelength, and the light of the wavelength of the latus wavelength range is 
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generated. 

[0053] In addition, in this operation gestalt, it is desirable for the absolute value of the distributed 
slope of an optical fiber to be small. It is because it will become easy to generate 4 light-wave 
mixture since the time lap in the light from which wavelength differs becomes larg , if th 
absolute value of a distributed slope is small. 

[0054] Moreover, since the time lap in the light from which wavelength differs becomes large so 
that the absolute value of the integration value about the longitudinal direction of a distributed 
slope is small, it becomes easy to generate 4 light-wave mixture. 

[0055] Moreover, as for the wavelength-dispersion value in a distributed reduction field, it is 
desirable to change from a positive value to a negative value. 

[0056] When the light of wavelength shorter than the wavelength of the high peak pulsed light 
which carried out incidence when a distributed slope has a value positive in a wavelength- 
dispersion value in the fiber which is positive in the predetermined wavelength range is easy to 
be generated and a wavelength-dispersion value has a negative value, the light of long wave 
length is easy to be generated rather than the wavelength of the high peak pulsed light which 
carried out incidence. 

[0057] Therefore, if the wavelength-dispersion value in a distributed reduction field is changing 
from a positive value to a negative value, since the light of the wavelength range of short ****** 
will be efficiently generated to the wavelength of the high peak pulsed light which carried out 
incidence, SC light in the latus wavelength range is generated. 

[0058] Furthermore, it becomes easy to discover the Kerr effect which is a nonlinear optical 
effect leading to self-phase modulation or 4 light-wave mixture, so that optical on-the-strength 
density is so large that a nonlinear refractive index is large, for considering as wavelength width 
of face of several 10nm or more — between a nonlinear refractive index n2, and the effective 
core cross sections Aeff and the peak power Ppeak of high peak pulsed light -(n2/Aeff) 
Ppeak>0.03x10- 8[1/W] x1.5[W] =0.045x10-8 — (1) 
It is required to realize ******. 

[0059] Drawin g 3 is a graph which shows the relation between the nonlinear refractive index n2 

in case the peak power Ppeak of high peak pulsed light is 1.5 [W] f the value of a ratio with the 

effective core cross section Aeff, and the wavelength width of face of SC light. In addition, L 

describes a distributed slope DSLOP for the length of an optical fiber below. 

[0060] If in charge of this survey, it is DIN=1-4[ps/nm/km] as an optical fiber 310. 

deltaD=0.5-2[ps/nm/km2] 

DSLOP=0.035[ps/nm2/km] 

L=3[km] 

The optical fiber of ****** was used. 

[0061] Moreover, the high peak pulsed light inputted into an optical fiber 310 is pulse center 
wavelength (lambda 0) =1550[nm]. 
Pulse peak power = 1 .5 [W] 

Pulse width = 3.5 [ps] (full width at half maximum) 
It carried out. 

[0062] And a nonlinear refractive index n2, the value of a ratio with the effective core cross 
section Aeff, and the wavelength width of face of SC light were calculated combining various DIN 
and delta D. 

[0063] the time of the peak power Ppeak of drawing 3 to high peak pulsed light being 1 .5 [W] — 
n2/Aeff> — when it was 0.03x10-8 [1/W], irrespective of the combination of DIN and delta D, 
SC light beyond a 5000[GHz] grade was generated, and the width of face wf of the variation rate 
of optical frequency was outputted 

[0064] In addition, the relation between the width of face wf of the variation rate of optical 

frequency and wavelength range wlambda is wlambda- (Iambda02/C) and wf. — (5) 

here — Crspeed of light and the time of having been come out and expressed, expressing the 

width of face wf of the variation rate of optical frequency, and expressing wavelength range 

wlambda per [nm] per [THz] — lambda — if 0= 1550 [nm] — wlambda - 8wf — (6) 

It becomes. 
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[0065] That is, if it is n2/Aeff>0.03x10-8[1/W] when the peak power Ppeak of high peak pulsed 
light is 1.5 [W], SC light with a wavelength width of face of about 40nm or more will be outputted. 

[0066] Moreover, with this operation gestalt, an optical fiber 310 is a polarization maintenance 
fiber, and it is desirable to have a plane-of-polarization maintenance property. It is because 4 
light-wave mixture occurs best when two light which interacts has the same direction of plane of 
polarization about 4 light-wave mixture. 

[0067] Below, the example of the light equipment of this operation gestalt is explained. 

[0068] (Example 1) Drawing 4 is the block diagram of the light equipment of an example 1. As 

shown in drawing 4 , the high peak pulsed light outputted from the optical pulse generator 100 by 

which this equipment generates the pulsed light of (a) predetermined wavelength, the light 

amplifier 200 which inputs and amplifies the pulsed light outputted from (b) optical pulse 

generator 100, and outputs high peak pulsed light, and the (c) light amplifier 200 is inputted, and 

by spreading, SC light is generated and it has the optical fiber 31 1 to output. 

[0069] An optical fiber 311 is DIN=1[ps/nm/km]. 

deltaD=1 /3[ps/nm/km2] 

DSLOP=0.07[ps/nm2/km] 

L=3[km] 

n2=2.0x10-20[m2/W] 

Aeff=50[mum2] 

It is a ****** shift fiber. 

[0070] Drawing 5 is a graph which shows the spectrum of the high peak pulsed light in this 
example, and generated SC light. Drawing 5 (a) is a graph which shows the spectrum of the high 
peak pulsed light inputted into an optical fiber 31 1 , and drawing 5 (b) is a graph which shows a 
spectrum with SC light outputted from an optical fiber 311. 

[0071] The high peak pulsed light inputted into an optical fiber 31 1 is pulse center wavelength 
(lambda 0) =1550[nm] while having the spectrum distribution shown in drawing 5 (a). 
Pulse peak power = 1 .5 [W] 

Pulse width = 3.5 [ps] (full width at half maximum) 
It carried out. 

[0072] As shown in drawing 5 (b), in the light equipment of this example, near wavelength =1 550 
[mum], SC light of about 5000 [GHz] was generated and the width of face wf of the variation rate 
of the optical frequency of the flat peak portion in an output spectrum was outputted. That is, in 
the light equipment of this example, SC light with a wavelength width of face of about 40nm was 
outputted. 

[0073] (Example 2) Drawing 6 is the block diagram of the light equipment of an example 2. As 

shown in drawing 6 , the high peak pulsed light outputted from the optical pulse generator 100 by 

which this equipment generates the pulsed light of (a) predetermined wavelength, the light 

amplifier 200 which inputs and amplifies the pulsed light outputted from (b) optical pulse 

generator 100, and outputs high peak pulsed light, and the (c) light amplifier 200 is inputted, and 

by spreading, SC light is generated and it has the optical fiber 312 to output. 

[0074] An optical fiber 312 is DIN=1 [ps/nm/km]. 

deltaD=0.5[ps/nm/km2] 

DSLOP=0.01 [ps/nm2/km] 

L=3[km] 

n2=2.0x10-20[m2/W] 

Aeff=50[mum2] 

It is a ****** flat fiber. 

[0075] Drawing 7 is a graph which shows the spectrum of SC light generated by this example. In 
addition, the high peak pulsed light inputted into an optical fiber 312 presupposed that it is the 
same as that of an example 1. 

[0076] As shown in drawing 7 , in the light equipment of this example, near wavelength =1550 
[mum], SC light of about 12000 [GHz] was generated and the width of face wf of the variation 
rate of the optical frequency of the flat peak portion in an output spectrum was outputted. That 
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is, in the light equipment of this example, SC light with a wavelength width of face of about 96nm 
was outputted. 

[0077] Compared with the example 1, the wavelength width of face of SC light expand d this 
example. 

[0078] (Example 3) Drawing 8 is the block diagram of the light equipment of an exampl 3. As 
shown in drawing 8 , the high peak pulsed light outputted from the optical pulse generator 1 00 by 
which this equipment generates the pulsed light of (a) predetermined wavelength, the light 
amplifier 200 which inputs and amplifies the pulsed light outputted from (b) optical pulse 
generator 100, and outputs high peak pulsed light, and the (c) light amplifier 200 is inputted, and 
by spreading, SC light is generated and it has the optical fiber 313 to output. 
[0079] An optical fiber 313 is DIN=0.7[ps/nm/km], 
deltaD=1 /3[ps/nm/km2] 
DSLOP=0.01 [ps/nm2/km] 
L=3[km] 

n2=2.0x10-20[m2/W] 

Aeff=50[mum2] 

It is a ****** flat fiber. 

[0080] Drawing 9 is a graph which shows the spectrum of SC light generated by this example. In 
addition, the high peak pulsed light inputted into an optical fiber 313 presupposed that it is the 
same as that of an example 1. 

[0081] As shown in drawing 9 , in the light equipment of this example, near wavelength =1550 
[mum], SC light of about 10000 [GHz] was generated and the width of face wf of the variation 
rate of the optical frequency of the flat peak portion (less than a **5[dB] grade) in an output 
spectrum was outputted. That is, in the light equipment of this example, SC light with a 
wavelength width of face of about 80nm was outputted. 

[0082] Compared with the example 1, the wavelength width of face of SC light expanded this 
example like the example 2. 

[0083] (Example 4) this example measures systematically the wavelength width of face of SC 
light, and a relation with the distributed slope DSLOP. 

[0084] Drawing 10 is the block diagram of the light equipment of an example 4. As shown in 

drawing 10 , the high peak pulsed light outputted from the optical pulse generator 100 by which 

this equipment generates the pulsed light of (a) predetermined wavelength, the light amplifier 200 

which inputs and amplifies the pulsed light outputted from (b) optical pulse generator 100, and 

outputs high peak pulsed light, and the (c) light amplifier 200 is inputted, and by spreading, SC 

light is generated and it has the optical fiber 314 to output. 

[0085] An optical fiber 314 is DIN=2[ps/nm/km]. 

deltaD=1 [ps/nm/km2] 

DSLOP=0.0r0.2[ps/nm2/km] 

L=3[km] 

n2=6.0x10-20[m2/W] 

Aeff=10[mum2] 

It is a ****** flat fiber. 

[0086] Drawing 1 1 and drawing 12 are graphs which show the spectrum of SC light generated by 
this example. When drawing 1 1 (a) is DSLOP=0.1 in the case of DSLOP=0.2, in the case of 
DSLOP=0.05, in the case of DSLOP=0.03, drawing 12 (b) shows the case of DSLOP=0.02 and, as 
for drawing 1 2 (a), in the case of DSLOP=0.08 P in drawing 1 1 (d), drawing 1 2 (c) shows [ drawing 
ii (b) / drawing 1 1 (c) ] the case of DSLOP=0.01. In addition, the high peak pulsed light inputted 
into an optical fiber 314 presupposed that it is the same as that of an example 1. 
[0087] As shown in drawing 1 1 and drawing 12 , or less by 0.1, near wavelength =1550[mum], SC 
light of about 1 0000 [GHz] was generated and the width of face wf of the variation rate of the 
optical frequency of a flat peak portion [ in / an output spectrum / in DSLOP ] was outputted. 
That is, with the light equipment of this example, SC light with a wavelength width of face of 
about 80nm was outputted for DSLOP or less by 0.1. 

[0088] (Example 5) Drawing 1 3 is the block diagram of the light equipment of an example 5. As 
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shown in drawing 13 , the high peak pulsed light outputted from the optical pulse generator 100 
by which this equipment generates the pulsed light of (a) predetermined wavelength, the light 
amplifier 200 which inputs and amplifies the pulsed light outputted from (b) optical pulse 
generator 100, and outputs high peak pulsed light, and the (c) light amplifier 200 is inputted, and 
by spreading, SC light is generated and it has the optical fiber 315 to output. 
[0089] An optical fiber 315 is DIN=2[ps/nm/km]. 
deltaD=1 [ps/nm/km2] 

DSLOP: It is reduction L= 3 [km] to alignment at 0.01— 0.01 [ps/nrn2/km]. 

n2=3.0x10-20[m2/W] 

Aeff=50[mum2] 

It is a ****** flat fiber. 

[0090] Drawing 14 is a graph which shows the spectrum of SC light generated by this example. In 
addition, the high peak pulsed light inputted into an optical fiber 315 presupposed that it is the 
same as that of an example 1. 

[0091] As shown in drawing 14 , in the light equipment of this example, near wavelength =1550 
[mum], SC light of about 30000 [GHz] was generated and the width of face wf of the variation 
rate of the optical frequency of the flat peak portion in an output spectrum was outputted. That 
is, in the light equipment of this example, SC light with a wavelength width of face of about 
240nm was outputted. 

[0092] (The 2nd operation gestalt) Drawing 1 5 is the block diagram of the 2nd operation gestalt 
of the light equipment of this invention. As shown in drawing 1 5 , the high peak pulsed light 
outputted from the optical pulse generator 100 by which this equipment generates the pulsed 
light of (a) predetermined wavelength, the light amplifier 200 which inputs and amplifies the 
pulsed light outputted from (b) optical pulse generator 100, and outputs high peak pulsed light, 
and the (c) light amplifier 200 is inputted, and by spreading, SC light is generated and it has the 
optical fiber 320 to output. 

[0093] Drawing 16 is a graph in the longitudinal direction (travelling direction of light) of an 
optical fiber 320 which shows the distribution of a wavelength dispersion. 
[0094] Although this operation gestalt of an optical fiber 320 being a value positive in the 
wavelength dispersion DIN in the incidence edge of the high peak pulsed light from a light 
amplifier 200 as shown in drawing 1 6 is the same compared with the 1st operation gestalt, along 
with a longitudinal direction, it differs in that a wavelength dispersion D decreases in nonlinear. 
[0095] In the light equipment of this operation gestalt, the high peak pulsed light to which it 
inputted into the light amplifier 200, and it was amplified, and the short pulsed light which the 
optical pulse generator 1 00 generated turned into high peak pulsed light, was outputted, and was 
outputted from the light amplifier 200 like the 1st operation gestalt inputs into an optical fiber 
320. 

[0096] Henceforth, like the 1st operation gestalt, if high peak pulsed light inputs into an optical 
fiber 320, by the optical Kerr effect, the refractive index which light senses will change and the 
self-phase modulation of a light wave will occur. Consequently, a wavelength distribution occurs 
in the optical pulse within an optical fiber 320. Since the light inputted into the optical fiber 320 
advances the field of anomalous scattering whose wavelength dispersion is a positive value, pulse 
compression progresses in the anomalous-dispersion field of group velocity where the one where 
wavelength is longer is late. If distribution is decreasing to the longitudinal direction, since a 
will be compressed still more compulsorily, peak power increases. This promoted the nonlinear 
effect further and has led to expansion of a spectrum. 

[0097] Although the light of the wavelength of a certain amount of wavelength range is contained 
in the compressed optical pulse, the influence of the 4 light-wave mixture by the optical Kerr 
effect is strongly received in the midst by which a distributed value changes from positive to 
negative, and the light of the wavelength of the latus wavelength range occurs further. In this 
way, SC light is generated. 

[0098] In addition, also in this operation gestalt, since the time lap in the light from which 
wavelength differs becomes large so that it is desirable like the 1 st operation gestalt for the 
absolute value of the distributed slope of an optical fiber to be small and the absolute value of 
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the integration value about the longitudinal direction of a distributed slope is small, it becomes 
easy to generate 4 light-wave mixture. 

[0099] Furthermore, like the 1st operation gestalt, it becomes easy to discover the Kerr effect 
which is a nonlinear optical effect leading to self-phase modulation or 4 light-wave mixture, so 
that optical on-the-strength density is so large that a nonlinear refractiv index is large, for 
considering as wavelength width of face of several 10nm or more — between a nonlinear 
refractive index n2, and the effective core cross sections Aeff and the peak power Ppeak of high 
peak pulsed light -(n2/Aeff) Ppeak>0.03x10-8[1/W] x1.5[W] =0.045x10-8 — (1) 
It is required to realize ******. 

[0100] Moreover, it is desirable for an optical fiber 320 to be a polarization maintenance fiber like 
the 1st operation gestalt, and to have a plane-of-polarization maintenance property with this 
operation gestalt. It is because 4 light-wave mixture occurs best when two light which interacts 
has the same direction of plane of polarization about 4 light-wave mixture. 
[0101] Hereafter, the example of this operation gestalt is explained. 

[0102] (Example 6) Drawing 1 7 is the block diagram of the light equipment of an example 6. As 
shown in drawing 1 7 , the high peak pulsed light outputted from the optical pulse generator 100 
by which this equipment generates the pulsed light of (a) predetermined wavelength, the light 
amplifier 200 which inputs and amplifies the pulsed light outputted from (b) optical pulse 
generator 100, and outputs high peak pulsed light, and the (c) light amplifier 200 is inputted, and 
by spreading, SC light is generated and it has the optical fiber 321 to output. 
[0103] An optical fiber 321 is DIN=1 .8[ps/nm/km]. 
DOUT=-0.1 [ps/nm/km] 
DSLOP=0.01 [ps/nm2/km] 
L=3[km] 

n2=2.0x10-20[m2/W] 

Aeff=50[mum2] 

It is a ****** flat fiber. 

[0104] Drawing 18 is a graph which shows the measurement result of generation of SC light in 
this example. In addition, the high peak pulsed light inputted into an optical fiber 321 presupposed 
that it is the same as that of an example 1. 

[0105] As shown in drawing 18 , in the light equipment of this example, near wavelength =1550 
[mum], SC light of about 12000 [GHz] was generated and the width of face wf of the variation 
rate of the optical frequency of the flat peak portion in an output spectrum was outputted. That 
is, in the light equipment of this example, SC light with a wavelength width of face of about 96nm 
was outputted. 

[0106] (The 3rd operation gestalt) Drawing 19 is the block diagram of the 3rd operation gestalt of 
the light equipment of this invention. As shown in drawing 19 , the high peak pulsed light 
outputted from the optical pulse generator 100 by which this equipment generates the pulsed 
light of (a) predetermined wavelength, the light amplifier 200 which inputs and amplifies the 
pulsed light outputted from (b) optical pulse generator 100, and outputs high peak pulsed light, 
and the (c) light amplifier 200 is inputted, and by spreading, SC light is generated and it has the 
optical fiber 330 to output. 

[0107] Drawing 20 is a graph in the longitudinal direction (travelling direction of light) of an 
optical fiber 330 which shows the distribution of a wavelength dispersion. 
[0108] Although this operation gestalt of an optical fiber 320 being a value positive in the 
wavelength dispersion DIN in the incidence edge of the high peak pulsed light from a light 
amplifier 200 as shown in drawing 20 is the same compared with the 1 st operation gestalt, along 
with a longitudinal direction, it differs in that a wavelength dispersion D decreases dispersedly. 
[0109] Such an optical fiber is obtained by connecting the optical fiber of the length Li of each 
section which has the wavelength-dispersion value Di of each section. 

[01 10] In the light equipment of this operation gestalt, the high peak pulsed light to which it 
inputted into the light amplifier 200, and it was amplified, and the short pulsed light which the 
optical pulse generator 1 00 generated turned into high peak pulsed light, was outputted, and was 
outputted from the light amplifier 200 like th 1st operation gestalt inputs into an optical fiber 
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330. , . 

[011 1] Henceforth, like the 1st operation gestalt if high peak pulsed light inputs into an optical 
fiber 330, by the optical Kerr effect the refractive index which light senses will change and the 
self-phase modulation of a light wave will occur. Consequently, a wavelength distribution occurs 
in the optical pulse within an optical fiber 330. Since the light inputted into the optical fib r 330 
advances the field of anomalous scattering whose wavelength dispersion is a positive valu , puis 
compression progresses in the anomalous-dispersion field of group velocity where the one where 
wavelength is longer is late. If distribution is decreasing to the longitudinal direction, since a 
will be compressed still more compulsorily, peak power increases. This promoted the nonlinear 
effect further and has led to expansion of a spectrum. 

[0112] Although the light of the wavelength of a certain amount of wavelength range is contained 
in the compressed optical pulse, the influence of the 4 light-wave mixture by the optical Kerr 
effect is strongly received in the midst by which a distributed value changes from positive to 
negative, and the light of the wavelength of the latus wavelength range occurs further. In this 
way, SC light is generated. 

[01 13] In addition, also in this operation gestalt since the time lap in the light from which 
wavelength differs becomes large so that it is desirable like the 1 st operation gestalt for the 
absolute value of the distributed slope of an optical fiber to be small and the absolute value of 
the integration value about the longitudinal direction of a distributed slope is small, it becomes 
easy to generate 4 light-wave mixture. 

[01 14] Furthermore, like the 1st operation gestalt it becomes easy to discover the Kerr effect 
which is a nonlinear optical effect leading to self-phase modulation or 4 light-wave mixture, so 
that optical on-the-strength density is so large that a nonlinear refractive index is large, for 
considering as wavelength width of face of several 10nm or more — between a nonlinear 
refractive index n2, and the effective core cross sections Aeff and the peak power Ppeak of high 
peak pulsed light -(n2/Aeff) Ppeak>0.03x10-8[1/W] x1.5[W] =0.045x10-8 — (1) 
It is required to realize 

[01 15] Moreover, it is desirable for an optical fiber 330 to be a polarization maintenance fiber like 
the 1st operation gestalt and to have a plane-of-polarization maintenance property with this 
operation gestalt. It is because 4 light-wave mixture occurs best when two light which interacts 
has the same direction of plane of polarization about 4 light-wave mixture. 
[0116] Hereafter, the example of this operation gestalt is explained. 

[01 17] (Example 7) Drawing 21 is the block diagram of the light equipment of an example 7. As 

shown in drawing 21 , the high peak pulsed light outputted from the optical pulse generator 100 

by which this equipment generates the pulsed light of (a) predetermined wavelength, the light 

amplifier 200 which inputs and amplifies the pulsed light outputted from (b) optical pulse 

generator 100, and outputs high peak pulsed light, and the (c) light amplifier 200 is inputted, and 

by spreading, SC light is generated and it has the optical fiber 331 to output. 

[01 18] As an optical fiber 331 is shown in drawing 21 , the length Li of each section is 500 [m] 

altogether. D1=2.0[ps/nm/km] D2=1.4[ps/nm/km], D — 3= 0.8 [ps/nm/km] and D — 4= 0.2 

[ps/nm/km] and D — 5= 0.01 [ps/nm/km] and D6= -0.2 [ps/nm/km] and DSLOP= — 0.01 

[ps/nm2/km] 

L=3[km] 

n2=2.0x10-20[m2/W] 
Aeff=50[mum2] 
It has ******. 

[01 19] Drawing 22 is a graph which shows the spectrum of SC light generated by this example. In 
addition, the high peak pulsed light inputted into an optical fiber 321 presupposed that it is the 
same as that of an example 1 . 

[0120] As shown in drawing 22 , in the light equipment of this example, near wavelength -1550 
[mum], SC light of about 1 2000 [GHz] was generated and the width of face wf of the variation 
rate of the optical frequency of the flat peak portion in an output spectrum was outputted. That 
is, in the light equipment of this example, SC light with a wavelength width of face of about 96nm 
was outputted. 
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[0121] (The 4th operation gestalt) Drawing 23 is the block diagram of the 4th operation gestalt of 
the light equipment of this invention. The optical pulse generator 100 by which this equipment 
generates the pulsed light of (a) predetermined wavelength as shown in drawing 23 , (b) The 
pulsed light outputted from the optical pulse generator 100 is inputted and amplified. By inputting 
and spreading the high peak pulsed light outputted from the light amplifier 200 which outputs high 
peak pulsed light, and the (c) light amplifier 200, SC light is generated and it has the optical fiber 

340 to output and which consists of an optical fiber 341 and an optical fiber 342. 

[0122] Drawing 24 is a graph in the longitudinal direction (travelling direction of light) of an 
optical fiber 340 which shows the distribution of a wavelength dispersion. As shown in drawing 
24 , at the (i) optical fiber 341, the wavelength dispersion DIN in the incidence edge of the high 
peak pulsed light from a light amplifier 200 is a positive value, along with a longitudinal direction, 
a wavelength dispersion D decreases to alignment and a wavelength dispersion has a small value 
by the (ii) optical fiber 342. 

[0123] Such an optical fiber is obtained by connecting the optical fiber of the length Li of each 
section which has the wavelength-dispersion value Di of each section. 

[0124] In the light equipment of this operation gestalt, the high peak pulsed light to which it 
inputted into the light amplifier 200, and it was amplified, and the short pulsed light which the 
optical pulse generator 1 00 generated turned into high peak pulsed light, was outputted, and was 
outputted from the light amplifier 200 like the 1st operation gestalt inputs into the optical fiber 

341 of an optical fiber 340. 

[0125] Henceforth, like the 1st operation gestalt, if high peak pulsed light inputs into an optical 
fiber 341, by the optical Kerr effect, the refractive index which light senses will change and the 
self-phase modulation of a light wave will occur. Consequently, a wavelength distribution occurs 
in the optical pulse within an optical fiber 341. Since the light inputted into the optical fiber 341 
advances the field of anomalous scattering whose wavelength dispersion is a positive value, pulse 
compression progresses in the anomalous-dispersion field of group velocity where the one where 
wavelength is longer is late. If distribution is decreasing to the longitudinal direction, since a 
will be compressed still more compulsorily, peak power increases. This promoted the nonlinear 
effect further and has led to expansion of a spectrum. 

[0126] Although the light of the wavelength of a certain amount of wavelength range is contained 
in the compressed optical pulse, the influence of the 4 light-wave mixture by the optical Kerr 
effect is strongly received in the midst by which a distributed value changes from positive to 
negative, and the light of the wavelength of the latus wavelength range occurs further. In this 
way, SC light is generated. 

[0127] In this way, generated SC light is outputted from an optical fiber 341, it is inputted into an 
optical fiber 342, and after spreading an optical fiber 342, it is outputted. 
[0128] In addition, also in this operation gestalt, since the time lap in the light from which 
wavelength differs becomes large so that it is desirable like the 1st operation gestalt for the 
absolute value of the distributed slope of an optical fiber 341 to be small and the absolute value 
of the integration value about the longitudinal direction of a distributed slope is small, it becomes 
easy to generate 4 light-wave mixture. 

[0129] Furthermore, like the 1st operation gestalt, it becomes easy to discover the Kerr effect 
which is a nonlinear optical effect constituting the self-phase modulation in an optical fiber 341, 
or the cause of 4 light-wave mixture, so that optical on-lhe-strength density is so large that a 
nonlinear refractive index is large, for considering as wavelength width of face of several 10nm or 
more — between a nonlinear refractive index n2, and the effective core cross sections Aeff and 
the peak power Ppeak of high peak pulsed light -(n2/Aeff) Ppeak>0.03x10-8[1/W] x1.5[W] 
=0.045x10-8 — (1) 
It is required to realize ******. 

[0130] Moreover, it is desirable for an optical fiber 341 to be a polarization maintenance fiber like 
the 1st operation gestalt, and to have a plane-of-polarization maintenance property with this 
operation gestalt. It is because 4 light-wave mixture occurs best when two light which interacts 
has the same direction of plane of polarization about 4 light-wave mixture. 
[0131] Hereafter, the example of this operation gestalt is explained. 
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[0132] (Example 8) Drawing 25 is the block diagram of the light equipment of an example 8. The 
optical pulse generator 100 by which this equipment generates the pulsed light of (a) 
predetermined wavelength as shown in drawing 25 , (b) The pulsed light outputted from the 
optical pulse generator 1 00 is inputted and amplified. It has the optical fiber 345 which g nerates 
and outputs SC light and which consists of an optical fiber 346 and an optical fiber 347 by 
inputting and spreading the high peak pulsed light outputted from the light amplifier 200 which 
outputs high peak pulsed light, and the (c) light amplifier 200. 

[0133] An optical fiber 346 is DIN=0.8[ps/nm/km] deltaD=2[ps/nm/km2] DSLOP=0.01 

[ps/nm2/km] and L= 0.5 [km], as shown in drawing 25 . 

n2=6.0x10-20[m2/W] 

Aeff=10[mum2] 

It has ******. 

[0134] Moreover, an optical fiber 347 is DIN-0[ps/nm/km] deltaD-0[ps/nm/km2] DSLOP=0.01 

[ps/nm2/km] and L= 2.5 [km], as shown in drawing 25 . 

n2=6.0x10-20[m2/W] 

Aeff=10[mum2] 

It has ******. 

[0135] Drawing 26 is a graph which shows the spectrum of SC light generated by this example. In 
addition, the high peak pulsed light inputted into an optical fiber 335 presupposed that it is the 
same as that of an example 1. 

[0136] As shown in drawing 26 , in the light equipment of this example, near wavelength =1550 
[mum], SC light of about 10000 [GHz] was generated and the width of face wf of the variation 
rate of the optical frequency of the flat peak portion in an output spectrum was outputted. That 
is, in the light equipment of this example, SC light with a wavelength width of face of about 80nm 
was outputted. 

[0137] the [ in addition, / the 2nd / on this example and as opposed to the 1st operation 
gestalt /, or ] — the same deformation as 3 operation gestalten is possible 

[0138] (The 5th operation gestalt) Drawing 27 is the block diagram of the 5th operation gestalt of 
the light equipment of this invention. The optical pulse generator 100 by which this equipment 
generates the pulsed light of (a) predetermined wavelength as shown in drawing 27 , (b) The 
pulsed light outputted from the optical pulse generator 100 is inputted and amplified. By inputting 
and spreading the high peak pulsed light outputted from the light amplifier 200 which outputs high 
peak pulsed light, and the (c) light amplifier 200, SC light is generated and it has the optical fiber 

350 which consists of the optical fiber 351 and optical fiber 352 to output, and an optical fiber 
353. 

[0139] Drawing 28 is a graph in the longitudinal direction (travelling direction of light) of an 
optical fiber 350 which shows the distribution of a wavelength dispersion. As shown in drawing 
28 , in the (i) optical fiber 351, a wavelength dispersion D has a small value, in the (ii) optical fiber 
352, the wavelength dispersion DIN in the incidence edge of high peak pulsed light is a positive 
value, along with a longitudinal direction, a wavelength dispersion D decreases to alignment and a 
wavelength dispersion D has a small value by the optical fiber (iii) 353. 

[0140] Such an optical fiber is obtained by connecting the optical fiber of the length Li of each 
section which has the wavelength-dispersion value Di of each section. 

[0141] In the light equipment of this operation gestalt, the high peak pulsed light to which it 
inputted into the light amplifier 200, and it was amplified, and the short pulsed light which the 
optical pulse generator 100 generated turned into high peak pulsed light, was outputted, and was 
outputted from the light amplifier 200 like the 1st operation gestalt inputs into the optical fiber 

351 of an optical fiber 350. And after spreading an optical fiber 351, it inputs into an optical fiber 
352. 

[0142] Henceforth, like the 1st operation gestalt, if high peak pulsed light inputs into an optical 
fiber 352, by the optical Kerr effect, the refractive index which light senses will change and the 
self-phase modulation of a light wave will occur. Consequently, a wavelength distribution occurs 
in the optical pulse within an optical fiber 352. Since the light inputted into the optical fiber 352 
advances the field of anomalous scattering whose wavelength dispersion is a positive value, pulse 
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compression progresses in the anomalous-dispersion field of group velocity where the one where 
wavelength is longer is late. If distribution is decreasing to the longitudinal direction, since a 
will be compressed still more compulsorily, peak power increases. This promoted the nonlinear 
effect further and has led to expansion of a spectrum. 

[0143] Although the light of the wavelength of a certain amount of wavelength range is contained 
in the compressed optical pulse, the influence of the 4 light-wave mixture by the optical Kerr 
effect is strongly received in the midst by which a distributed value changes from positive to 
negative, and the light of the wavelength of the latus wavelength range occurs further. In this 
way, SC light is generated. 

[0144] In this way, generated SC light is outputted from an optical fiber 352, it is inputted into an 
optical fiber 353, and after spreading an optical fiber 353, it is outputted. 
[0145] In addition, also in this operation gestalt, since the time lap in the light from which 
wavelength differs that it is desirable like the 1st operation gestalt for the absolute value of the 
distributed slope of an optical fiber 352 to be small, and the integration value about the 
longitudinal direction of a distributed slope is abbreviation 0 becomes large almost ideally, it 
becomes easy to generate 4 light-wave mixture. 

[0146] Furthermore, like the 1st operation gestalt, it becomes easy to discover the Kerr effect 
which is a nonlinear optical effect constituting the self-phase modulation in an optical fiber 352, 
or the cause of 4 light-wave mixture, so that optical on-the-strength density is so large that a 
nonlinear refractive index is large, for considering as wavelength width of face of several 10nm or 
more — between a nonlinear refractive index n2, and the effective core cross sections Aeff and 
the peak power Ppeak of high peak pulsed light -(n2/Aeff) Ppeak> — 0.03x10-8 [1/W] — it is 
required to realize the relation of x1.5[W] =0.045x10-8 — (1) ** 

[0147] Moreover, it is desirable for optical fibers 351 and 352 to be polarization maintenance 
fibers like the 1 st operation gestalt, and to have a plane-of-polarization maintenance property 
with this operation gestalt. It is because 4 light-wave mixture occurs best when two light which 
interacts has the same direction of plane of polarization about 4 light-wave mixture. 
[0148] Hereafter, the example of this operation gestalt is explained. 

[0149] (Example 9) Drawing 29 is the block diagram of the light equipment of an example 9. The 

optical pulse generator 100 by which this equipment generates the pulsed light of (a) 

predetermined wavelength as shown in drawing 29 , (b) The pulsed light outputted from the 

optical pulse generator 100 is inputted and amplified. It has the optical fiber 355 which consists 

of the optical fiber 356 and optical fiber 357 which generate and output SC light, and an optical 

fiber 358 by inputting and spreading the high peak pulsed light outputted from the light amplifier 

200 which outputs high peak pulsed light, and the (c) light amplifier 200. 

[0150] An optical fiber 356 is DIN=0.2[ps/nm/km] deltaD-0[ps/nm/km2] DSLOP=0.035 

[ps/nm2/km] and L= 1 [km], as shown in drawing 29 . 

n2=5.0x10-20[m2/W] 

Aeff=13.85[mum2] 

It has 

[0151] Moreover, an optical fiber 357 is DIN=0.8[ps/nm/km] deltaD=1[ps/nm/km2] 

DSLOP=0.035[ps/nm2/km] and L= 1 [km], as shown in drawing 29 . 

n2=5.0x10-20[m2/W] 

Aeff=13.85[mum2] 

It has ******. 

[0152] Moreover, an optical fiber 358 is DIN=0.2[ps/nm/km] deltaD-0[ps/nm/km2] 

DSLOP=0.035[ps/nm2/km] and L= 1 [km], as shown in drawing 29 . 

n2=5.0x10-20[m2/W] 

Aeff=13.85[mum2] 

It has ******. 

[0153] Drawing 30 is a graph which shows the spectrum of SC light generated by this example. In 
addition, the high peak pulsed light inputted into an optical fiber 355 presupposed that it is the 
same as that of an example 1. 

[0154] As shown in drawing 30 , in the light equipment of this example, near wavelength =1550 
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[mum], SC light of about 12000 [GHz] was generated and the width of face wf of the variation 
rate of the optical frequency of the flat peak portion in an output spectrum was outputted. That 
is, in the light equipment of this example, SC light with a wavelength width of face of about 96nm 
was outputted. 

[0155] the [ in addition, / the 2nd / on this example and as opposed to the 1st operation 
gestalt /, or ] — the same deformation as 3 operation gestalten is possible 
[0156] Moreover, as shown in drawing 31 , the zero dispersive-wave length in predetermined 
position L=L0 of the optical fiber for SC light of the above-mentioned operation gestalt is in 
agreement with the wavelength lambda 0 of incidence pulsed light. Setting the wavelength 
dispersion of the incidence edge L= 0 of the optical fiber in wavelength lambda 0 to DIN, an 
optical fiber has the fixed distributed slope DSLOP in the wavelength range of Iambda0**20nm in 
every position. 

[0157] (The 6th operation gestalt) In order to generate SC light, as the distributed slope DSLOP 
does not necessarily need to be fixed in the wavelength range which is Iambda0**20nm and it is 
shown in drawing 32 , it sets in the wavelength range of Dlambda0**20nm of wavelength 
dispersions, and it is abbreviation regularity (you may be a flat (DSLOP**0).). This optical fiber 
has two zero dispersive-wave length in wavelength within the limits of 1 530-1 570nm in a position 
with the predetermined length direction. 

[0158] Drawing 33 shows the light equipment of the 6th operation gestalt using the optical fiber 
360 for SC light which has the property of d rawing 32 . As shown in drawing 33 , the high peak 
pulsed light outputted from the optical pulse generator 100 by which this equipment generates 
the pulsed light of (a) predetermined wavelength, the light amplifier 200 which inputs and 
amplifies the pulsed light outputted from (b) optical pulse generator 100, and outputs high peak 
pulsed light, and the (c) light amplifier 200 is inputted, and by spreading, SC light is generated and 
it has the optical fiber 360 to output. An optical fiber 360 is a value positive in the wavelength 
dispersion DIN in the incidence edge of the high peak pulsed light from a light amplifier 200, and 
the wavelength dispersion D in predetermined wavelength range Iambda0**20nm decreases to 
alignment along with a longitudinal direction. That is, the wavelength dispersion D in length L= 0 
is DIN, the wavelength dispersion D in length L=L0 is zero, and the wavelength dispersion D in 
length L=L is DOUT. 

[0159] In the light equipment of this operation gestalt, the optical pulse generator 100 generates 
the short pulsed light of predetermined wavelength first. The short pulsed light outputted from 
the optical pulse light generator 100 is inputted into a light amplifier 200, it is amplified, and turns 
into high peak pulsed light, and is outputted. And the high peak pulsed light outputted from the 
light amplifier 200 inputs into an optical fiber 360. 

[0160] If high peak pulsed light inputs into an optical fiber 360, by the optical Kerr effect, the 
refractive index which light senses will change and the self^phase modulation of a light wave will 
occur. Consequently, a wavelength distribution occurs in the optical pulse within an optical fiber 
360. Since the light inputted into the optical fiber 360 advances the field of anomalous scattering 
whose wavelength dispersion D is a positive value, pulse compression progresses in the 
anomalous-dispersion field of group velocity where the one where wavelength is longer is late. If 
distribution is decreasing to the longitudinal direction, since a pulse will be compressed still more 
compulsorily, peak power increases. This promoted the nonlinear effect further and has led to 
expansion of a spectrum. 

[0161] Although the light of the wavelength of a certain amount of wavelength range is contained 
in the compressed optical pulse, the influence of the 4 light-wave mixture by the optical Kerr 
effect is strongly received in the midst by which a distributed value changes from positive to 
negative, and the light of the wavelength of the latus wavelength range occurs further. In this 
way, SC light is generated. 

[0162] Drawing 34 shows the spectrum of the outgoing radiation light by which outgoing radiation 
is carried out from this SC optical fiber 360. In addition, length L of an optical fiber 360 is 1km. 
The peak wavelength lambda 0 of the wavelength spectrum of this SC light is 1550nm, and when 
the bandwidth which the outgoing radiation spectrum in -20dB low on-the-strength level has 
from the maximum intensity is defined as SC band, SC band is 100nm or more. Moreover, the 
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difference of the maximum of the flatness of the spectrum of the outgoing radiation light in the 
peak-wavelength Iambda0**50nm area within a wavelength range, i.e., the outgoing radiation light 
intensity within the limits of this, and the minimum value is less than 1 5dB. 

[0163] In addition, when incidence of the same optical pulse was carried out to this optical fiber 
360 from an opposite direction, the spectrum shown in drawing 35 was acquired. In this case, 
expansion of the spectrum of outgoing radiation light is 30nm or less in SC band small. Of 
course, the difference of the maximum of the flatness of the spectrum of outgoing radiation light, 
i.e., outgoing radiation light intensity, and the minimum value is larger than 15dB. In addition, the 
peak of most left-hand side is the spectrum of noise light. 

[0164] Moreover, when it had the wavelength-dispersion property shown in drawing 36 and 
Distribution D inputted the same optical pulse as the optical pulse of drawing 34 into an optical 
fiber fixed in the length direction, the spectrum as shown in drawing 37 was acquired. Length L of 
this optical fiber is 1km, and the flatness of this spectrum is larger than 15dB. In addition, the 
peak of most left-hand side is the spectrum of noise light. 

[0165] Next, SC light is explained. Drawing 38 has the wavelength-dispersion property shown in 
drawing 31 , and shows the spectrum of the output light from an optical fiber 310 shown in 
d rawing 1 to which Distribution D decreased to alignment along the length direction L. The 
distributed slope DSLOP of this optical fiber is 0.03 [ps/nm2/km], and Distribution D decreases 
from 3 to -2 [ps/nm/km]. The full width at half maximum of this spectrum is 160nm, and the 
difference of the maximum of the flatness of the spectrum of the outgoing radiation light in the 
peak-wavelength Iambda0**50nm area within a wavelength range, i.e., outgoing radiation light 
intensity, and the minimum value is less than 15dB. Therefore, the flatness of the spectrum in a 
peak-wavelength Iambda0**50nm wavelength-range region is less than 15dB, full width at half 
maximum is at least 30nm or more, and SC light is light 1 0Onm or more preferably. 
[0166] When incidence of the light was carried out to this optical fiber 310 from an opposite 
direction, the spectrum shown in drawing 39 was acquired. As for this, the flatness of the 
spectrum in not SC light but the peak-wavelength Iambda0**50nm wavelength-range region of 
this light is larger than 15dB, and full width at half maximum is smaller than 30nm. 
[0167] Drawing 40 is the cross section of this optical fiber 310. This optical fiber 310 is equipped 
with inside clad 310IC which encloses core 31 Ox and core 31 Ox, and outside clad 310OC which 
encloses inside clad 310IC. The diameter DC of a core 310 is decreasing to alignment along the 
length direction (the propagation direction of light), the diameter diffuse intravascular coagulation 
of inside clad 310IC is decreasing to alignment along the length direction, and the diameter DOC 
of outside clad 310OC is decreasing to alignment along the length direction. 

[0168] In order to make a nonlinear optical effect produce, as for the amount of length direction 
change of the outer diameter DOC per km of an optical fiber 310 (DOC/km), it is desirable that it 
is 2micrometers/km or more. Moreover, as for the amount (DC/DOC) of length direction change 
(/km) of the ratio (DC/DOC) of the diameter DC of the core to the outer diameter DOC per km 
of an optical fiber 310, it is desirable that it is 0.5%/km or more. In addition, it is good also as the 
average outer diameter per 1 m of optical fibers containing in a longitudinal direction the portion 
which is increasing or decreasing by 2 micrometers or more. Moreover, the ratio of the diameter 
of a core to the outer diameter of an optical fiber is good for the length direction also as the 
portion which is increasing or decreasing or more by 0.005 being included. 

[0169] Drawing 41 shows the refractive-index distribution of the direction of a path of an optical 
fiber shown in drawing 40 . the ratio of core 31 Ox and outside clad 310OC — refractive-index 
difference ** — the ratio of +(= (nc-nOC)/nOC) 1.2%, inside clad 310IC, and outside clad 310OC 
— refractive-index difference **- (= (nIC-nOC)/nOC) is -0.6% In addition, nc is [ the refractive 
index of inside clad 310IC and nOC of the refractive index of core 310x and nIC ] the refractive 
indexes of outside clad. Moreover, a nonlinear refractive index n2 is 3.8x10-16 (cm2/W), and the 
diameter MFD of the mode field is 5.2 micrometers. 

[0170] Drawing 42 shows the light source system which used the above-mentioned light 
equipment. The light source 100 is an optical fiber ring laser, and generates the pulsed light of 
1 .55-micrometer band. The light source 100 and the optical fiber amplifier 200 are connected by 
the optical fiber OP1. The optical fiber amplifier 200 is erbium addition fiber amplifier. The pulsed 
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light of 1.55-micrometer band by which outgoing radiation was carried out is inputted into optical 
fiber F for SC light generating of one of the above through an optical fiber OP2 from the optical 
fiber amplifier 200. Optical fiber F outputs SC light. SC light outputted from optical fiber F is 
inputted into an optical separator DM through an optical fiber OP3. SC light contains the 
component of wavelength lambdal, Iambda2, and Iambda3. An optical separator DM has Case HS, 
the input port PIN attached in Case HS, the 1st output port P1 f the 2nd output port P2 and the 
3rd output port P3, and two or more light filters F1 , F2, F3, F4, and F5 arranged in Case HS. 
Light filters F1 , F2, F3, F4, and F5 are dichroic mirrors. In addition, this optical separator DM has 
two or more lenses which are not illustrated inside. 

[0171] A light filter F1 makes the light of wavelength lambda 1 penetrate, and reflects the light of 
wavelength Iambda2 and Iambda3. A light filter F2 reflects the light of wavelength Iambda2 and 
Iambda3 at least. A light filter F3 makes the light of wavelength lambda 2 penetrate, and reflects 
the light of wavelength lambda 3. A light filter F4 reflects the light of wavelength lambda 3 at 
least. The light of wavelength lambda 1 which passed the light filter F1 is inputted into an output 
port P1, and is outputted through an optical fiber OP4. The light of wavelength lambda 2 which 
passed the light filter F3 is inputted into an output port P2, and is outputted through an optical 
fiber OPS. The light of the wavelength lambda 3 reflected with the light filter F4 is inputted into 
an output port P3, and is outputted through an optical fiber OP6. 

[0172] The above-mentioned distribution D can use not only for generation of SC light but for 
generation of idler light optical fiber F which decreased to the travelling direction of light. 
[0173] Drawing 43 shows the light equipment which generates idler light. The light source 100 
with which this equipment carries out outgoing radiation of the excitation light (pump light) of 
1.55-micrometer band, The erbium-doped optical fiber amplifier 200 which is connected by the 
optical fiber OP1 and amplifies excitation light, It has the optical fiber OP9 into which the light by 
which outgoing radiation was carried out from the optical fiber OP8 and optical fiber F into which 
the light it was multiplexed [ light ] with the optical multiplexing machine WDM into which 
excitation light and two or more signal light lambdal 0 and Iambda20 are inputted through an 
optical fiber OP7, and the optical multiplexing vessel WDM is inputted, and optical fiber F is 
inputted. 

[0174] In addition, the peak power of excitation light lambdaP is weak to the grade used as SC 
light, when the excitation light lambdaP itself passes optical fiber F. Two or more signal light 
lambdal 0 and Iambda20 is inputted into the optical multiplexing machine WDM through an optical 
fiber OP7. 

[0175] drawing 44 — an optical fiber — inputting — having — excitation — light — lambda — P 
— a signal — light — lambda — ten — lambda — 20 — and — outgoing radiation — light — 
lambda — ten — ' — lambda — 20 — ' — light — intensity — a relation — being shown . If the 
signal light lambda 10 is inputted into optical fiber F, to wavelength lambdaP of excitation light, 
within optical fiber F, the light of the wavelength of a symmetric position and idler light 
lambdal 0' (=lambdaP- (lambdal 0-lambdaP)) will occur, and outgoing radiation will be carried out. 
If the signal light lambda 20 is inputted into optical fiber F, to wavelength lambdaP of excitation 
light, within optical fiber F, the light of the wavelength of a symmetric position and idler light 
Iambda20' (=lambdaP- (lambda20-lambdaP)) will occur, and outgoing radiation will be carried out. 
That is, wavelength lambdalO' and the idler light which has Iambda20' have the relation of the 
signal light and phase conjugation which have wavelength lambdalO and Iambda20. Here, it is 
thought that idler light is generated by 4 light-wave mixture. In addition, the distribution D of 
optical fiber F is decreasing along the length direction, therefore when a distributed slope is 
positive, the zero dispersive-wave length lambda 0 increases along the length direction. 
Wavelength lambdaP of the excitation light by which outgoing radiation is carried out from the 
excitation light source 100 is changeable. Therefore, without changing the wavelength of the 
signal light lambdalO and Iambda20, by changing wavelength lambdaP, the wavelength of idler 
light lambdalO' and Iambda20' can be changed, and the power of the idler light at that time can 
avoid a bird clapper small rapidly. 

[0176] Drawing 45 - drawing 51 are graphs which show a relation with the intensity (power) of 
wavelength lambdaP (nm) and idler light lambdalO' (or Iambda20') of excitation light. The 
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incidence power of excitation light and signal light is 10dBm respectively. 
[0177] Drawing 45 shows a relation with the intensity (dBm) of wavelength lambdaP (nm) and 
idler light lambdalO' of the excitation light at the time of carrying out adjustable [ of the 
wavelength lambdaP of excitation light ], setting wavelength lambda[ of excitation light ] P (nm), 
and wavelength difference **lambda with the wavelength lambda 10 of signal light (nm) to 5nm. 
The zero dispersive-wave length lambda 0 with a length of 1km of optical fiber F is fixed along 
the length direction, and is 1550nm. In this case, although the intensity of high idler light 
lambdalO' is obtained when wavelength lambdaP of excitation light is in agreement with the zero 
dispersive-wave length lambda 0, it turns out that the valley of efficiency where the output 
power of idler light becomes [ lambdaP ] small rapidly near (1539nm and 1561nm) has appeared. 
[0178] A relation with the intensity (dBm) of wavelength lambdaP (nm) and idler light lambdalO' 
of the excitation light at the time of drawing 46 setting wavelength lambda[ of excitation light ] P 
(nm) and wavelength difference **lambda with the wavelength lambda 10 of signal light (nm) to 
5nm, and carrying out adjustable [ of the wavelength lambdaP of excitation light ] is shown. The 
zero dispersive-wave length lambda 0 with a length of 1km of optical fiber F changes to 
alignment among 1545nm - 1555nm along the length direction. In this case, although the intensity 
of high idler light lambdalO' is obtained when wavelength lambdaP of excitation light is in 
agreement with the zero dispersive-wave length lambda 0 like the above, change of the output 
power of the idler light when changing lambdaP is small. 

[0179] A relation with the intensity (dBm) of wavelength lambdaP (nm) and idler light lambdalO' 
of the excitation light at the time of drawing 47 setting wavelength lambda[ of excitation light ] P 
(nm) and wavelength difference **lambda with the wavelength lambda 10 of signal light (nm) to 
5nm, and carrying out adjustable [ of the wavelength lambdaP of excitation light ] is shown. The 
zero dispersive-wave length lambda 0 with a length of 1km of optical fiber F changes to 
alignment among 1535nm - 1565nm along the length direction. In this case, although the intensity 
of high idler light lambdalO' is obtained when wavelength lambdaP of excitation light is in 
agreement with the zero dispersive-wave length lambda 0 like the above, change of the output 
power of idler light becomes still smaller than the above-mentioned about lambdaP, and it turns 
out that it is the low of lambdaP dependency, i.e., the fiber in which wide band use is possible. 
[0180] A relation with the intensity (dBm) of wavelength lambdaP (nm) and idler light lambdalO' 
of the excitation light at the time of drawing 48 setting wavelength lambda 10 of signal light (nm) 
to 1560nm, and carrying out adjustable [ of the wavelength lambdaP of excitation light ] is shown. 
The zero dispersive-wave length lambda 0 with a length of 1km of optical fiber F is fixed along 
the length direction, and is 1 550nm. In this case, in accordance with the zero dispersive-wave 
length lambda 0, when close to lambda 0, the intensity of high idler light lambdalO' is obtained for 
wavelength lambdaP of excitation light. However, if lambdaP becomes shorter than lambda 0, 
idler luminous intensity will decrease rapidly. 

[0181] A relation with the intensity (dBm) of wavelength lambdaP (nm) and idler light lambdalO' 
of the excitation light at the time of drawing 49 setting wavelength lambda 10 of signal light (nm) 
to 1560nm, and carrying out adjustable [ of the wavelength lambdaP of excitation light ] is shown. 
The zero dispersive-wave length lambda 0 with a length of 1km of optical fiber F changes to 
alignment among 1542nm - 1552nm along the length direction. In this case, unlike the 
aforementioned conditions, although the intensity of high idler light lambdalO' is obtained when 
wavelength lambdaP of excitation light is within the limits of the zero dispersive-wave length 
lambda 0, and when it is in less than 5nm from the wavelength lambda 10 of signal light, even if 
lambdaP becomes shorter than 1550nm, idler luminous intensity is not decreasing so much. In 
addition, the zero dispersive-wave length lambda 0 will also check that the intensity of high idler 
light lambdalO' is obtained, if it is changing to 5nm or more alignment in the length direction. 
[0182] A relation with the intensity (dBm) of wavelength lambdaP (nm) and idler light lambdalO' 
of the excitation light at the time of drawing 50 setting wavelength lambda 10 of signal light (nm) 
to 1560nm, and carrying out adjustable [ of the wavelength lambdaP of xcitation light] is shown. 
The zero dispersive-wave length lambda 0 with a length of 1km of optical fiber F changes to 
alignment among 1545nm - 1555nm along the length direction, in this case, wavelength within the 
limits of 1545nm - 1560nm — setting — abbreviation — the intensity of uniform idler light 
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lambda 10' is obtained This means that the output intensity of idler light does not change even if 
it makes lambdap adjustable, will give optionality to the wavelength of idler light, namely, can 
realize wide band-ization on it. 

[0183] A relation with the intensity (dBm) of wavelength lambdaP (nm) and idler light lambda! 0 1 
of the excitation light at the time of drawing 51 setting wavelength lambda 10 of signal light (nm) 
to 1560nm, and carrying out adjustable [ of the wavelength lambdaP of excitation light ] is shown. 
The zero dispersive-wave length lambda 0 with a length of 1km of optical fiber F changes to 
alignment among 1547nm - 1557nm along the length direction, in this case, this case — 
wavelength within the limits of 1550nm - 1560nm — setting — abbreviation — the intensity of 
uniform idler light lambdalO' is obtained, and wide-band-izing is possible like the case where it is 
drawing 50 

[0184] In order to generate idler light efficiently, it is desirable for wavelength lambdaP of 
excitation light to be in agreement with the zero dispersive-wave length lambda 0. The zero 
dispersive-wave length lambda 0 of this optical fiber F differs in the longitudinal direction, and 
the range contains wavelength lambdaP of excitation light. Wavelength lambdaP of excitation light 
is in agreement with the predetermined zero dispersive-wave length lambda 0 in the 
predetermined position of the longitudinal direction of optical fiber F. Therefore, this optical fiber 
F cannot be based on wavelength lambdaP of excitation light, but can generate idler light 
lambdalO' and Iambda20' efficiently. In addition, in order to generate idler light efficiently, it is 
desirable that the absolute value of the distributed slope DSLOP in the wavelength range of the 
signal light of optical fiber F is below 0.04 [ps/nm2/km]. Moreover, as for the distribution D in 
the wavelength range of signal light, it is desirable to include the field which decreases in number 
or increases in the length direction of Fiber F. 

[0185] moreover, the nonlinear refractive index of optical fiber F in order to make a nonlinear 
optical effect produce, when the peak power of Aeff and excitation light lambdaP is Ppeak [ n2 
and the effective core cross section ] n — 2>=3.2x10-20 (m2/W) and Aeff<= — 50x10-12 (m2) 
and Ppeak>=10x10 — it is desirable that it is -3 (W), therefore it is desirable that it is x(n2/Aeff) 
Ppeak>=6.4x10-12 Moreover, in order to make a nonlinear optical effect produce, it is still more 
desirable that it is n2 >=4x10-20 (m2/W). moreover, the ratio of core 31 Ox shown in drawing 40 
in order to make a nonlinear optical effect produce, and outside clad 310OC — refractive-index 
difference ** — the ratio of +(= (nc-nOC)/nOC) 1.2% or more, inside clad 310IC, and outside 
clad 310OC — as for refractive-index difference **+ (= (nOC-nIC)/nOC), it is desirable that it is 
-0.6% or less In addition, in this example, the refractive index nOC of outside clad 310OC is a 
refractive index of a quartz. 

[0186] this invention is not limited to an above-mentioned operation gestalt or an above- 
mentioned example, and can deform. For example, the mode of reduction in a wavelength 
dispersion may be an exponential-function target etc., and the concrete mode of the optical fiber 
for SC light generation is not limited to the mode of the numeric value of the above-mentioned 
example. 
[0187] 

[Effect of the Invention] As mentioned above, according to the optical fiber of this invention, are 
the generation field of nonlinear-phenomenon light, such as main super contest tee NIUMU light 
and idler light, and it sets in the direction in which light should advance as explained in detail. 
Since it has the distributed reduction field where a wavelength dispersion decreases at least by 
the part, without a wavelength dispersion increasing If high peak pulsed light inputs into the 
distributed reduction field of the optical fiber of this invention, since the middle to 4 light-wave 
mixture occurs [ self-phase modulation ] efficiently further from the time of incidence, nonlinear- 
phenomenon light will be generated efficiently at least. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the light equipment of the 1st operation gestalt. 
[Drawing 2] Explanatory drawing of the optical fiber 310 used with the 1st operation gestalt. 
[Drawing 3] The graph which shows the relation between the value of the ratio of a nonlinear 
refractive index and the effective core cross section, and the wavelength width of face of SC 
light. 

[Drawing 4] The block diagram of the light equipment of an example 1 . 

[Drawing 5] The graph which shows the spectrum of the high peak pulsed light in the light 

equipment of an example 1, and generated SC light. 

[Drawing 6] The block diagram of the light equipment of an example 2. 

[Drawing 7] The graph which shows the spectrum of SC light generated with the light equipment 
of an example 2. 

[Drawing 8] The block diagram of the light equipment of an example 3. 

[Drawing 9] The graph which shows the spectrum of SC light generated with the light equipment 
of an example 3. 

[D rawi ng 10 ] The block diagram of the light equipment of an example 4. 

[Drawing 11] The graph which shows the spectrum of SC light generated with the light 

of an example 4. 

[Drawing 12] The graph which shows the spectrum of SC light generated with the light 
of an example 4. 

[Drawing 13] The block diagram of the light equipment of an example 5. 

[Drawing 14] The graph which shows the spectrum of SC light generated with the light 

of an example 5. 

[Drawing 15] The block diagram of the light equipment of the 2nd operation gestalt. 
[Drawing 16] The block diagram of the optical fiber 320 used with the 2nd operation gestalt. 
[Drawing 17] The block diagram of the light equipment of an example 6. 
[Drawing 18] The graph which shows the spectrum of SC light generated with the light 
of an example 6. 

[Drawing 19] The block diagram of the light equipment of the 3rd operation gestalt. 
[Drawing 20] The block diagram of the optical fiber 320 used with the 3rd operation gestalt. 
[Drawing 21] The block diagram of the light equipment of an example 7. 
[ Drawing 22] The graph which shows the spectrum of SC light generated with the light 
of an example 7. 

[ Draw ing 23] The block diagram of the light equipment of the 4th operation gestalt. 
[ Drawin g 24 ] The block diagram of the optical fiber 320 used with the 4th operation gestalt. 
[Drawing 25] The block diagram of the light equipment of an example 8. 
[Drawing 26] The graph which shows the spectrum of SC light generated with the light 
of an example 8. 

[Drawing 27] The block diagram of the light equipment of the 5th operation gestalt. 
[Drawing 28] The block diagram of the optical fiber 320 used with the 5th operation gestalt. 
[Drawing 29] The block diagram of the light equipment of an example 9. 
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[Drawing 30] The graph which shows the spectrum of SC light generated with the light 
of an example 9. 

[Drawing 31] The graph which shows the relation between wavelength lambda (nm) and a 
wavelength dispersion D. 

fDrawing 32] The graph which shows the relation between wavelength lambda (nm) and a 
wavelength dispersion D. 

fDrawing 33] The block diagram of the light equipment of the 6th operation gestalt. 

fDrawing 34] The graph which shows the relation between wavelength lambda (nm) and optical 

intensity (dBm). 

fDrawing 35] The graph which shows the relation between wavelength lambda (nm) and optical 
intensity (dBm). 

fDrawing 36] The graph which shows the relation between wavelength lambda (nm) and a 
wavelength dispersion (ps/km/nm). 

fDrawing 37] The graph which shows the relation between wavelength lambda (nm) and optical 
intensity (dBm). 

fDrawing 38] The graph which shows the relation between wavelength lambda (nm) and optical 
intensity (dBm). 

fDrawing 39] The graph which shows the relation between wavelength lambda (nm) and optical 
intensity (dBm). 

fD rawing 40] The cross section of an optical fiber. 

fDrawing 41] Drawing showing the refractive-index distribution which met the optical fiber 
diameter. 

fDrawing 42] The structure-of-a-system view using SC light equipment. 
fDrawing 43] The structure-of-a-system view using idler light equipment. 
fDrawing 44 ] The graph which shows the relation between wavelength lambda (nm) 
intensity. 

fDrawing 45] The graph which shows the relation between wavelength lambda (nm) 
intensity (dBm). 

fDrawing 46] The graph which shows the relation between wavelength lambda (nm) 
intensity (dBm). 

fDrawing 47] The graph which shows the relation between wavelength lambda (nm) 
intensity (dBm). 

fDrawing 48] The graph which shows the relation between wavelength lambda (nm) 
intensity (dBm). 

fDrawing 49 ] The graph which shows the relation between wavelength lambda (nm) 
intensity (dBm). 

fDrawing 50] The graph which shows the relation between wavelength lambda (nm) 
intensity (dBm). 

fDrawing 51] The graph which shows the relation between wavelength lambda (nm) 
intensity (dBm). 
[Description of Notations] 

100 [ — 341 An optical fiber, 342,351,352.353 / — Optical fiber. ] — A pulse generator, 200 — 
310 A light amplifier, 320,330,340,350 
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